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Analytical Problems
Synthesis of polychlorinated bi-

phenyls (PCBs) was first described by
Schmidt and Schultz Ulin 1881, but
the industrial application of that dis-
covery was not fully developed until
.">!) years later by the Swan Corpora-
tion. Commercial introduction of
PCBs as industrial chemicals for use
as nonflammable oils, notably in con-
nection with electrical transformers,
condensers, and paint, was begun in
I'J.'iO. Cblorination of the parent moi-
ety, biphenyl, results in a series of
chlorinated products which exhibit
unique characteristics of both thermal
and chemical stability. These mix-
tures of PCBs (rather than individual
isomers) quickly gained wide accep-

| • lance as industrial products where
-j • nonflammability and heat-resistance

properties were highly desired. PCBs
were marketed and used by manufac-
turers in products under various trade
names: Aroclor. Clophen, Phenoclor,
Kaneclor, and Phyralene, to name just
a few of the major product lines.

i In theory, the total number of possi-
i i ble products resulting from chlorina-

lion of biphenyl is 209 (Figure 1),
compared to 135 isomers for the close-
ly related polychlorinated dibenzofu-
rnns (PCDFs) present as impurities in
mmmercial PCBs. The physical prop-
erties of such mixtures are quite dif-
ferent from those of individual
species. Aroclors will not react with
acids, alkali, or water under normal or
even vigorous conditions. Boiling
points for Aroclors range from 278 °C
for 21P( chlorinated product to about
120 °C for 60% chlorinated product.
I'CHs can be distilled at atmospheric
pressure without carbonization or de-
composition. They are insoluble in
aqueous media, hut soluble in hydro-
carbon solvents.

Trus article not Subject to U S. Copyright
Published 1981 American Chemical Society

Regulatory History
From the initial introduction of

PCBs as industrial chemicals in 1930,
their widespread popularity in uncon-
trolled applications (hundreds of mil-
lions of pounds) over the ensuing 40
years finally resulted in their becom-
ing a persistent and ubiquitous envi-
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Figure 1. Number ol possible isomers
of polychlorinated biphenyls (PCBs) and
polychlorinated dibenzofurans (PCDFs)

ronmental contaminant. In 1966, Jen-
sen (2), a Swedish scientist, was the
first to draw attention to the fact that
PCBs were found in fish and birds. By
Inte 1971, it had become glaringly ob-
vious that contamination of the envi-
ronment had led to global contamina-
tion of wildlife (J). In essence, PCBs
along with DDK had become (he most
abundant of the chlorinated aromatic
pollutants in the ecosystem. The most
serious consequence of the widespread
contamination of the environment
with PCBs was the indirect contami-
nation of certain foods. PCBs were
found in human adipose tissue and
human milk.

In 1968 an unfortunate accident in
Japan (4) was a sneak preview of sev-
eral similar but less serious accidents
that occurred in the U.S. during the
following decade. Rice oil became con-
taminated when PCBs leaked from a
heat exchanger. The so-called
"Yusho" poisoning incident resulted
when victims consumed the contami-
nated rice oil. A whole spectrum of ad-
verse symptoms was observed, e.g..
chloracne. discoloration of the gums
and nailbeds, swelling of the joints,
waxy secretions of the glands in the
eyelids, as well as more general effects
such as lethargy and joint pain. This
single incident served as the catalyst
to focus much greater attention on the
problem of PCB contamination of
foods.

At that point, the U.S. Fi*>d and .
Drug Administration (FOA) conduct-
ed a national survey to determine the
extent and levels to which I '('Ms
might find their way into tlir f«Mnl
chain via indirect UMf ol 'IVH-voiitam-
inatcd animal feed, iniluslri.il mid <-n
viriininvnt.il sourer*, nnil ihr "»«• "' ~
paper m.ilr";il>
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/...; _ I ' ( '1-N In : '•''•' 1. !hi< Mir\ c'\ oul-
in ;; i,-, .1 "Notice dl Proposed
M.iiiiiiL'" i - ^> i" limn the lr\cl of

/"('IK .'ii .'nods containine unavoidable
I'CM residues Ironi environmental or
industrial sources. Analysis of animal
/fed indicated less than ;">r< of the
samples contained PCBs (0-O.G ppm).
)>"lated accidents, however, had oc-
curred in pasteurization equipment,
«here PCBs from heat exchanger
lluids had directly contaminated ani-
mal leed and subsequently poultry
and eggs intended for human con-
sumption. The use of PCB-conlaining
coat ings on the inner walls of silos had
also resulted in the contamination of
silage, which had in turn caused PCB
residues to appear in the milk of dairy
cows (6").

In a survey on food packaging, 67%
of the packaging samples coniained
PCBs, with the highest level observed
heing .I.'f8 ppm. Of these samples, only
19rr of i he actual food contained in
the packaging contained PCBs, with a
maximum level of 0.1 ppm. In the case
of packaged infant food cereals. To1"! of
the samples coniained PCBs. with an
average concentration of 0.3 ppm: the
maximum found was 1 ppm. At the
time of this survey, knowledge of the
loxicological effects of PCBs was
somewhat limited. The PDA conclud-
ed that it would be prudent to reduce
human low-level exposure to PCBs by
limiting the ways in which PCBs
might enter the food chain, and to
limit the levels of PCBs in food con-
taining unavoidable PCB residues
from environmental or industrial
sources by establishing temporary tol-
erances (Table I) until such time as
additional information warranted
change (7).

The temporary tolerances estab-
lished in 1973 were a result of a vigor-
ous evaluation of the data base on
PCBs prevailing at that time. Concern
about the ubiquitous distribution of
PCBs in the ecosystem and the
"Yusho" accident led to a massive sci-
entific probe into the toxicity of
PCBs, as well as their reported pres-
ence in most wildlife (8). In 1975, the
Environmental Protection Agency
(EPA) sponsored a national confer-
ence on PCBs, at which the PDA an-
nounced it had initiated a review of
the appropriateness of the 1973 tem-
porarv tolerances. After reviewing the
wealth of data generated by the scien-
tific community and government on
PCBs. FDA proposed to reduce the
temporary tolerances (}l) for unavoid-
able residues of PCHs in several
classes <>l food, More linn KM) com-
ments on lIns proposal were received
from interested parties. In considering
these comment*, the- FDA commis-
sioner issued a linal order reducing
PCM tolerances (Table IH I<H.

Table I. FDA Tolerances for Polychlorinated Biphenyls in
Several Classes of Food

Conctntration (ppm)
Product

Milk and dairy products (tat basis)
Poultry (fat basis)
Eggs
Fish and shellfish (edible portion)
Infant and junior foods
Feed for food-producing animals
Animal feed components including fish meal and

other byproducts of marine origin
Paper food-packaging materials intended for or

used with human food

1973

2.5
50
0.5
5.0
0.2
0.5
5.0

10.0

1979-p*»i«nl

1.5
30
0.3
50'
0.2
0.2
2.0

10.0

* A regulation tiuDlichmg • row level of 2 ppm was prommgaiwi out mm* (tared on Oct. i, 1979. uni.l furtrwr
none*

Since the food and feed industries
were particularly vulnerable to acci-
dental contamination from PCBs.
EPA, which has regulatory control of
PCBs and other toxic substances
under the Toxic Substance Control
Act of 1976, has issued rules governing
their continued use. As of Nov. 1.
1979. the use of PCBs in new heat
transfer systems in plants manufac-
turing or processing food, drugs, and
cosmetics was no longer authorized.
The EPA rule, however, did permit
the continued use of PCBs in electro-
magnets transformers, heat transfer
and hydraulic systems until July 1,
1984. Issuance of an interagency alert
notice was prepared under the spon-
sorship of EPA to urge voluntary re-
moval of equipment and its replace-
ment with non-PCB units to prevent
food contamination (77).

Toxicity
Evaluation of the toxicity of PCBs

has been complicated by the heteroge-
neity of the commercial preparations
and the analytical difficulties in sepa-
ration, identification and quantita-
tion. Acute oral LD™ values of PCBs
in mammals vary from 2-10 g/kg, with
an apparent increase in mammalian
toxicity with a decrease in chlorine
content. In humans, chronic ingestion
of small amounts (10 mg/kg) for more
than 50 days causes chloracne. The
fear that prolonged, continuous expo-
sure to low doses might well result in
serious human health problems has
promoted a massive scientific inquiry
into the toxicological and biological ef-
fects of PCHs. A recent study, involv-
ing ihe feeding of male broiler chick-
ens (/l'( low levels of Aroilnr ll!.r>4
from haichiiii: i<> eight weeks oi .-ice.
deiiioiisir.ilcd marked reduction in
i:r»wili uiih i HIM urrcni acfiiiniil.il inn
nl IVH< in all II^MICS. Fiik.ini.fl ,il.
I/./I h.ivc illustrated the atrumul.ilioi)

of PCRs in human fat for both males
and females from Tokyo within the
range 1-2 ppm. while blood samples
contained 1-5 pph PCBs. Recently,
the eloquent demonstration by Poland
(14) that the toxicity of certain PCB
congeners together with other polycy-
clic aromatics (PCDFs, azobenzenes.
and TCDD) paralleled their ability to
compete (in vitro) for specific binding
sites in the cytosol carrier proteins has
provided a useful tool for structure-
activity and mechanistic studies.

To complicate the issues, the wealth
of data concerning the metabolism of
PCBs has given rise to another set of
analytical problems. It is now clearly
established that the major metabolic
route of PCBs is hydroxylation. Me-
tabolism in rat microsomal systems
(/5) of selected tri-. tetra-. and penta-
chlorobiphenyls resulted primarily in
the formation of monohydroxylated
PCBs with the number of metabolites
decreasing with increasing degree of
chlorination. Similar studies with
PCBs in the rhesus monkey (76) have
confirmed this pathway, and also
demonstrated dechlorination and
arene oxide formation. Four lactating
Holstein cows fed single doses of Aroc-
lors 1242 and 3254 (1.5 g) excreted in
their milk 10 monohydroxy PCBs and
four monohydroxy PCBs, respectively
(17). Jensen et al. (18) have also re-
ported in a study of seal blubber that
methyl sulfone metabolism is clearly
evident. The seal blubber contained
approximately 150 ppm total PCBs.
with 16 ppm of total PCB sulfones.
The concentration of PCBs stored in
the fat tissue increases and is then
transferred at increasing concentra-
tions to the food chain.

Analytical Considerations
ll should now he clear ihnl ;mval-

Irinpl t» extract, separate, identity.
,iti(j <|ii.iMlilv a mixture ol I'CHs re-
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Eliminate
the hazard...

instead of the
chemical

v >^7 v _ ~__». /

km'.1. lt-(ij:e <>t three m^jur prob-
lem areas:

Composition. In spite of theoretical
calculations establishing 2U9 possible
conveners. U'elti (19) has demon-
strated experimentally via capillary
chromatocrjphy that not all possible
compounds are present in Aroclor
12M. Of the 69 elutin? peak profiles
observed. 19 represented major com-
ponents while 50 represented minor
contributions to the mixture. Certain
positions on the biphenyl nucleus are
not favored for chlorine substitution:
2-, •!-. and (5- substitutions are rare,
and the occurrence of 3-. 3,5-, nnd 2.3-
isomers is likewise infrequent. Parallel
studies usinj: packed columns have
shown elution profiles with fewer than
20 discernible peaks. The complica-

t ions induced liy analvzinu mixtures of
J'C'Hs rather than any snide specific
isomer have contributed a serious im-
pediment to qtiantitation, since most
analyses ultimately involve estimation
of compounds in which the decree of
chlorination can run from mono- to
deca-. i.e.. a range of molecular
weights (188-40-1) with varying chemi-
cal and physical properties.

Interfering Organochlorinc Pes-
ticides. The initial confirmation of
the occurrence of PCB residues in
wildlife by-Jensen 12) was reported
after repeated and frequent encoun-
ters of similar elution patterns or pro-
files while analyzing for DDT and
other chlorinated pesticides in gener-
al. Many earlier reported residue anal-
yses failed to recognize this J'CB in-
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4ng
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4 ng
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Figure 2. ticctron capture responses of various Aroclor standards: 2% OV 101.
6 ft X 2 mm. 200 "C
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Figure 3. Electron capture responses to ortho, meta-. and para-chlorotoluene:
2% OV101. 6 ft X 2 mm. 70 °C. attenuation 64 X 10~" amps

terferenre. which musi have lerl in an
overestimation of DOT in the environ-
ment. Alter this historical break-
through in 19i>fi. the roles were sud-
denly reversed and ihe important
PCB residue analyse? were then
deemed lo have interferences by a
whole host ol common and ubiquitous
organochlorine pesticides. Methodolo-
gies were then devised to efficiently

separate PCBs from such organochlo-
rine pesticides as DOT and Toxa-
phene. Heplachlorepoxide. l.ind.me.
and Dii-ldrin. The stability of PCBs lo
treatment with acids and alkali made
it possible in some procedures to ei-
ther destroy or alter one or more of
the interfering pesticides. On the
other hand, greater attention has been
paid to the use of various columns

ll'.g.-ilicir ai id < l-lilc ,m<l i ' l < > i i - i l i
and solvent- (mix ture- ol rtci-iominle.
hexane. and methvlme chloride) to
separate I'CHs Irum the ollu-r fhlnri-
nnled pesticides 12<>). Masiimoio (_ ' / )
has pointed out. however, that -uch
procedures ran be Hawed by variable
column preparation and hence vari-
able recoveries. Additionally, those
congeners with ihe lowe-l chlorination
were held on the silicic column and
could only be eluted by a more polar
solvent than petroleum ether, leading
to lower recoveries for the less chlori-
nated Aroclors. The analyst must
choose appropriate analytical proce-
dures, depending on which interler-
encrs are prp-ent.

Metabolism. The edition patterns
or profiles observed by electron cap-
ture (KC) gas rhromatography for
PCB residues from biological samples
(22) very often do not resemble the
profile for one of the PCB standards
selected for quaniitation. The pres-
ence of metabolites and degradation
products is likely to be primarily re-
sponsible for this experimental obser-
vation. Dechlorination. arene oxide
formation, and hydroxylation have
been identified as metallic pathways
for PCBs I2:t}. Dechlorination lo less-
er chlorinated congeners will lend in
contribute lo the production of a pro-
file perhaps suggestive of a loss chlori-
nated Aroclor and will lead to confu-
sion in the choice of ihe correct Aroc-
lor standard for quant it nt ion by EC.
More serious by far is the removal
from the observed PCB residue profile
of congeners that have undergone

2.21

JJL

2.5 2.3 3,5

Figure t. t i,-;;,(,n c.ipiuu- nv.pon'.f i lor ) n,( mi-ciM ol selected PCD- 2% OV 101. 6 ft X 2 mm. 180 °C. attenuat.on 16 X
IJ '
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The curve above shows the concentration ol
manganese atoms implanted in a gallium
arsenide matrix as a function of depth from the sample surface. It is drawn from
data taken with ATOMIKA'S IONPROBE A-DIDA SIMS system. Manganese was
detected down to a concentration of 2 x 10" atoms/cm1 — i.e.. one manganese
atom in 5 billion matrix atoms!

Measurements such as the above are routine chores from ATOMIKA'S IONPROBES
A-OIDA. These machines define the state of the art for SIMS in semiconductor and
thin-film analysis. If your SIMS applications demand extremely high trace-
sensitivity or any of the other features listed above, you've only one source to turn to:

614 WEST MANCHESTER BOULEVARD. INGLEWOOD. CA 90301
PHONE (213) 671-6670

A subsidiary of ATOMIKA Technische Physik GMBH.
Kuglmullerstrasse 6. D-BOOO Munich 19. West Germany
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metabolic hydroxylat ion. Such chloro-
l)iphenylols do not exhibit the same
elution characteristics as the parent
substances, and therefore do not coe-
lute with the solvent systems generally
employed.

Metabolic processes can thus con-
fuse the assignment of the original
source of the PCB contamination and
hence the correct choice of a suitable
standard for quantitation. Such PCB
residue profile? are further complicat-
ed by the fact that extraction and
cleanup can alter the composition of
mixtures because of the unique prop-
erties of these congeners.

Approaches to Quantitation
The problems encountered in the

quantitation of PCB residues have fo-
cused the attention of the analytical
chemist on methods by which the con-
centration of PCBs is related to the
estimation of a single species. Such at-
tempts have included: carbon-skele-
ton GC, where PCBs are reduced on-
column (50- Pt at ISO °C with H: as
carrier gas) to biphenyl (24); perchlo-
rination of PCBs by antimony penta-
chloride to yield decachlorobiphenyl
(25); and microcoulometric determi-
nation of the total chlorine content as
HCl (26). These methodologies have
.been developed because EC-GC detec-
tor response is disproportionate, i.e.,
highly dependent on the degree of
chlorination of the biphenyl nucleus.
EC detector response has been shown
to vary as much as two to four orders
of magnitude between monochloro
and polychloro species (27). The pro-
liferation of analytical approaches to
PCB analysis has resulted mainly
from the existence of this disproport-
ionality factor (28). This issue has
overshadowed other problems, such as
interferences resulting from the pres-
ence of other organochloride pesti-
cides and PCB metabolites.

Of prime importance when using
EC as the detection system for chlori-
nated aromatic species such as the
PCBs is the problem of disproportion-
ate responses. At the present time,
Aroclor standards have been charac-
terized by EC (Figure 2) and are em-
ployed as reference materials. The
closest matching profile is used as a
standard for quantitation of environ-
mental samples. A good example of
disproportionality of response by EC
is that exhibited by the isomeric-mo-
nochlorotoluenes (Figure 3), in which
differences of several orders of magni-
tude were observed. Although this
case is a relatively dramatic example,
the prevailing situation within the
congeners of the PCB family has been
found to be similar but somewhat less
pronounced. The EC responses to 1 ng
of five selected dichlorobiphenyls
under similar conditions are illus-



(rated in Figure 4. Depending on the
location of the chlorine atoms within
the biphenyl nucleus, varying detector
responses were observed. This dis-
turbing disproportionality has been
the main criticism of PCB analysis
with EC.

The analytical pitfalls created by
the lack of well-defined standards
when dealing with mixtures has ulti-
mately led to the increased applica-
tion of mass spectrometry in its vari-
ous forms to assist in resolving diffi-
cult problems concerning identifica-
tion and quamitation of these sys-
tems. A novel approach to routine
quantitative analysis by chemical ion-
ization mass spectrometry is described
in the research section of this issue
(29).
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Why Has Reproducibility
Been A Problem
In HPLC?
Have you had to modify the
composition of your mobile phase
upon changing columns, even
though the new column is sup-
posedly identical to an old one?
If this sounds like your experience, a
possible problem is the bonded packing
in the columns. Although many pre-
viously available packing materials are
useful, many do not have maximally
bonded surfaces. This allows some
of the silica beneath the bonded
surface to be exposed, and the absorp-
tion to adversely affect the separating
characteristics of the packing. Since
partial coverage is virtually impossible
to duplicate, the exact effect of the
exposed silica usually varies from
column to column. Hence, if the same
separations are to be obtained, you
may have to alter the mobile phase
composition for each column to
compensate for this effect.
Much better rtproducibility is now
available in columns filled with pack-
ings having completely bonded sur-
faces, such as SUPELCOSIL®-LC col-
umns. These columns are uniform in
performance, but because they are
different from the columns you have
been using, you may have to modify
the mobile phase being used. But then
if you have been using reverse phase
HPLC columns for a lew years, you
prolinhly h.ivr nlrr.xlv nwilr jrvrt.il
nwUnli' ph.isr ntiHlilir.ttiiiitt. Stvilrlnini
lo a column packinii with conuilrii'lv
bonded surfaces can mean much
better reproducibility with fewer mo-
bile phase adjustments. If you are iust
getting into HPLC. or if you are
considering HPLC. this is a good point
to keep in mind.
We have bulletins being published
continually on HPLC. as well as many
other areas of chromatography. Why
not request your own list of FREE
bulletins today?

Thru SUPELCOS1L*-LC column* an
manufucturtd by Suptlco uruttr txclu-
tivt JicfiiM from TVchnicon Corpora

Llion. Tmrrytown. Ntw York.

SUPELCOJJIM• . . % . -i. ^- , - . *., - » »**,*- •
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Table IX. Determination of Chlorine in
Coal Related Samples

Table X. Determination of Oxygen by 14-MeV
Neutron Activation Analysis

CI. ppm
sample

NBS-1632 coal
\Vyodak coal
coal fly ash
coal washings

1
2
3
4

present found
962" 1137;1217
116" 79;83
700"; 643C 582;658

36.0C

15.2C

50.6C

427 c

38.2
15.7
50.2

437

" Literature average of 12 values. b Neutron activation
data. c Potentiometric titration with AgNO,.

The normal coal samples decomposed by the NajC03
procedure and then made up to volume with pH adjustment
and addition of TISAB will result in <1 ng/mL fluoride
concentration in the final solution. The response of the
electrode to these low fluoride levels is sluggish, and in ad-
dition the electrode potential readings slowly drift upward,
making it very difficult to decide which is the true reading.
This situation can be greatly improved by adding a known
excess of fluoride (1 yg/mL) to both sample and blank solu-
tions. This increases the stability of the first reading. It is
essential to correct for this fluoride added before the final
concentration calculations are done. Further analysis of
fluorine in the solution is carried out by the standard addition
method.

A Wyoming coal sample was sent to Galbraith Laboratories
Inc. in Knoxsville, Tenn., for fluorine measurement. They
reported a value of 72 ± 4 ppm based on triplicate deter-
minations. The same coal sample was analyzed in our labo-
ratory by the procedure outlined above and a value of 70 ±
6 ppm was obtained based on seven replicate samples analyzed
on two separate days. Thus, our procedure seems to give
satisfactory results for the fluorine determination.

Determination of Chlorine with Ion-Selective Elec-
trode. Chlorine is a minor constituent of coal varying in
concentration from 100 to 1000 ppm or more. Depending on
the burning conditions in the boiler, the chlorine content of
the fly ash also may vary from several hundred to <50 ppm.
We use the ASTM D-2361-66 procedure for the chlorine de-
termination. In this procedure, the final chloride measurement
is done by potentiometric or Volhard titration with standard
AgNO3. For coals with low chlorine content, however, this
method is not applicable, since the lowest concentration that
can be obtained is 0.01 %. Chloride ISE appears to be a viable
alternative for the end measurement. The Orion 94-17
chloride ISE we used had a linear response in the range of
7 to at least 10000 ppm chloride in solution. Below 7 ppm
the response was not linear. Hydroxide ions interfere; how-
ever, this is prevented by simply making the solution acidic
to pH 2 with HN03. Sulfide, cyanide, bromide, and iodide
ions interfere in the chloride determination. The presence
of sulfide or cyanide in the decomposed coal ashes is unlikely,
and bromide and iodide levels in coal are far less compared
with the chloride levels. Washings from coal preparation can
also be analyzed by chloride ISE very rapidly. Some results
by this procedure are given in Table IX. The ISE results are
in good agreement with the literature, neutron activation, and
potentiometric titration data where available. A coal washing
solution containing 34.4 ppm chloride was analyzed six times
with ISE yielding a value of 34.95 ± 0.59 ppm.

Neutron Activation Analysic of Oxygen in Coal. The
analysis of oxygen is based on the nuclear reaction: ISO-
ln.P)"N. The da-enter 16N has a half-life of 7.2 s and emits
f r«y» os 6.1 and 7.1 MeV. These h.;r. energy -> .-iys are tar

sample
diphenyl carbazide
benzophenone
stearic acid
hydroxylamine

hydrochloride
benzoic acid
salicylic acid
citric acid
NBS-1632a Coal
NBS-1 635 Coal

no.
of

analyses

1
6

14
1

2
5
4
2

25

found, %
6.75
9.42 •- 0.68

12.3 i 0.5
22.9

25.6 t 0.07
36.4 ± 1.5
57.4i 1.5
18.4 ± 0.7
33.4 ± 1.6

present,
%
6.60
8.78

11.27
23.0

26.2
34.8
58.3

.
-

beyond the 7 energies of most other elements activated by
fast neutrons. The only serious interference in this deter-
mination is l9F(n,a)l6N. However, in normal coals or rocks,
fluorine concentration compared to their oxygen levels is
insignificant, and this reaction can be safely ignored. The
method, thus, is a rare example of an analytical technique that
is virtually free from interferences and f-ray attenuation
effects, and it utilizes a short half-life, thus permitting a very
rapid analysis.

The oxygen content of the transfer rabbit must be as low
as possible to avoid a large blank correction. The usual ma-
terial used is high-density polyethylene which combines the
properties of light weight and low oxygen content. Olympic
Plastics Co. of Los Angeles, Calif., is one source of these low
oxygen polyethylene rabbits. To check the oxygen pickup
from the atmosphere by these rabbits, we irradiated 10 rabbits
each packed in air and in dry nitrogen, respectively. The
average oxygen content of these rabbits was found to be 0.058
± 0.008% for the rabbits packed in nitrogen and 0.062 ±
0.008% oxygen for the rabbits packed in air. Thus, no dis-
cernible difference is found between the rabbits packed either
way. It should also be remembered that in the actual oxygen
determination, this small oxygen content of the rabbits is
blanked out.

The precision of the oxygen determination is dependent
upon the counting statistics, the stability of the neutron
generation rate, and the reproducibility of the irradiation,
delay, and counting sequences. The irradiation, delay, and
counting sequence is potentially the most serious cause of
error, particularly the reproducibility of the delay time during
which the sample leaves the irradiation position and the count
is begun. Because of the counting statistics problems, the
samples with low oxygen content (in ppm range) will have
large errors while the samples with high oxygen content (in
% range) should have 1-3% precision.

Some of our results on oxygen determination by 14 MeV
NAA are given in Table X. The analysis of organic com-
pounds is in good agreement with the theoretical oxygen
content No oxygen value has been reported in the literature
for NBS 1632a or 1635 coals. Overall precision of the results
varies from a high of 0.3%, to 5% for NBS-1635 coal The
accuracy of the determination based on organic compounds
also varies between 0.5% to 4%. Thus, as normal in NAA,
the accuracy and precision are about the same.
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Micromethods for Toxic Residue Screening by Negative
Chemical lonization Mass Spectrometry

Douglas W. Kuehl*
US. Environmental Protection Agency. Environmental Research Laboratory—Duiuth, 6201 Congdon Boulevard, Duhith, Minnesota 55804

Michael J. Whltaker and Ralph C. Dougherty
Department of Chemistry. Florida State University. Tallahassee. Florida 32306

Methods were developed for the analysis of potychlorlnated
chemical residues found in milligram quantities of biological
samples. Sample preparation by micro continuous liquid-liquid
extraction steam distillation or by micro gel-permeation
chromatography gave sufficiently clean residue extracts for
negative chemical lonization analysis. WHh these techniques,
chemicals such as chlorophenols and chkxoblphenyls have
been confirmed In human adipose samples as small as 12.5
mg. These methods make R possible to screen <1-g samples
of biological substrates for contamination with persistent toxic
substances at part-per-bHlton levels.

Analytical procedures developed for the analysis of per-
sistent toxic substances in environmental samples generally
require between 10-500 g of substrate. However, increasing
concern for the impact of environmental contamination on
human health has stimulated the development of mkrosample
methodology for residue analysis. The objective of this work
was the development of an analytical procedure for the iso-
lation and identification of persistent toxic substances at the
parts-per-million to parts-per-billion level in <l-g samples of
biological fluids. "Our analytical strategy involves the use of
efficient but simple separation techniques for sample cleanup
followed by screening the cleaned up extracts with direct probe
negative chemical icnization (NCI) mass spectrometry (/, 2).

The two clean-up methodologies have focused on gel per-
meation chromatography (3-7) and steam distillation with
continuous liquid-liquid extractions (8). Both of these
techniques effectively separate persistent toxic substances
from the bulk of the biomolecules, but do not involve ad-

sorption chromatography which may reduce recoveries of the
more polar chemicals.

Negative chemical ionization is uniquely suited to screening
micro quantities of environmental samples for toxic chemicals,
especially polychlorinated chemicals, because of high sensi-
tivity for these chemicals and a virtual transparency to po-
tentially interfering biomolecules. The ion forming reactions
that are important for polychlorinated molecules are:

resonance capture of a thermal electron

M + e~t -~ M--* -£• M-- (1)
disassociative capture of a thermal electron

A - B + e'. — A' -I- B (2)
chloride attachment

M + X- — MX" (3)
deprotonation

A - H + B- — A' + BH (4)
oxygen exchange

A-Y-- + O, —AO- + YO (5)
EXPERIMENTAL

Gel Permeation Chromatography. Syttem Description. The
GPC system is similar to that previously described (7) with the
following modificationa. A 500 mm X 10 mm (lass column (Ace
Glass Company) was packed with 200-400 mesh bio-beads SX-8
(Bio-Rad Inc.) and eluted with cyclohexane-methylene chloride
(1:1) at 1.5 mL/min. A 254-nm ultraviolet deUctor (Varian
Aerograph) and a strip chart recorder (Linear Inc., model 260)
were used to monitor the effluent.

Recovery Studitx. Arochlor (1254 (100 ng), pentachlorophenol
(50 ng), and hexachlorobenzene (50 ng) were spiked into 100 mg

0003-2700/80/0352-0935*01 00/0 C 1980 American Chemical Society
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Figure 1. Microcontinuous liquid/liquid extraction steam distillation
apparatus

of corn oil dissolved in 2.0 mL of methylene chloride and injected
onto the gel-permeation chromatography (GPC) system. The
35-60 mL fractions were collected for analysis. Recoveries of these
compounds were determined by electron capture gas chroma-
tography (EC/GO. Pentachlorophenol was derivatized with
Tri-Sil-BSA (Pierce Chemical Company) prior to GC analysis.

Sample Cleanup. In a typical experiment, 250 mg of human
adipose tissue was mixed with an equal amount of anhydrous
sodium sulfate. The mixture was extracted with 10 mL of hex-
ane-acetone (1:1) in a tissue blender (Vertis). The solids were
separated by centrifugation and decanting, and the solvent was
reduced to 1.5 mL by concentration through a micro-Snyder
column. The extract was injected into the GPC system and the
40-60 mL fraction was collected and concentrated through a
micro-Snyder column for examination by NCI.

Procedural blanks were obtained by preparing a sample in the
same manner without the tissue.

Steam Distillation. System Description. The steam dis-
tillation apparatus (Figure 1) was a modification of a similar unit
previously described (8).

Recovery Studies. Anthracene, trans-chlordane, penta-
chlorophenol, and hexachlorobenzene in acetone were spiked into
two 0.5-g samples of eastern oyster (Crassostrea virginica) tissue
at 25 and 250-ng levels, and added to 35 mL of 10% HjSO, in
a 50-mL round bottom flask. The flask was placed in an ultrasonic
bath for 20 min. The round bottom flask was then fitted onto
the distillation head which had been loaded with 2 mL of water
and 2 mL of 2,2,4-trimethylpentane. The flask was heated to 80

"C for 20 min. then to 100 °C for 40 min to distill the sample.
The trimeihylpentane was drained from the head and concen-
trated to 1.0 mL with a stream of dry nitrogen for GC deter-
mination of recoveries. Pentachlorophenol was derivatized with
Tri-Sil-BSA (Pierce Chemical Company) prior to GC analysis.
The chlorinated hydrocarbons were quantitated by EC/GC and
the anthracene was quantitated by FID/GC.

The unspiked tissue served as a procedural blank.
Sample Cleanup. In a typical experiment 0.5 g of human

adipose tissue was added to 35 mL of 10% HjS04 in a 50-mL
round bottom flask. The sample was then treated as described
above. The drained trimethylpentane was concentrated to 100
mL with a stream of dry nitrogen for NCI analysis.

Procedural blanks were obtained by preparing a sample in the
same manner without the tissue.

Reagent*. Hexane, acetone, cyclohexane, methylene chloride,
and 2.2,4-trimethylpentane were redistilled pesticide grade
(Burdick and Jackson). Water was distilled-deionized and refluxed
for 45 min on a steam distillation apparatus. Sulfuhc acid (Baker
Chemical Company) was diluted to 10% with the refluxed water.
Standards for the recovery studies were obtained from the U.S.
Environmental Protection Agency Repository at Research Triangle
Park. N.C.

Gai Chromatography. A Varian Aerograph model 1400
EC/GC and a Varian Aerograph model 1700 FID/GC were
equipped with identical 2 m x 2 mm glass columns packed with
3% OV-101 on gas Chrom Q. The EC/GC was operated iso-
thennally at 185 °C and the FID/GC was temperature pro-
grammed from 100-200 °C at 4°/min. The carrier gas was N2,
25 mL/min.

Mass Spectrometer. An AEI MS-902 mass spectrometer
equipped with a chemical ionization source (Scientific Research
Instruments Corporation) was operated in the negative ton mode
with an electron energy of 470 eV, source temperature of 150 °C,
source pressure of 0.5 Torr, and resolution 4000. A mixture of
isobutane, methylene chloride, and oxygen (80:18:2) was used as
the reagent gas. Direct probe sample introduction was used, and
8-s scans were recorded at 30,60,90, and 120 s after introduction
on oscillographic paper.

The voltage of the electron multiplier (=*3.0 kV) was set such
that the (M + CD" ion (m/z 441) for trarw-chlordane, the (M -
19)* ion (m/z 357) for octachlorostyrene, and the (M - 1)~ ion (m/z
263) for pentachlorophenol gave approximately a 50% scale
reading on the oscillographic output, when spiked into a residue
obtained from the steam distillation of 0.5 g of oyster.

RESULTS AND DISCUSSION
Several rtfttm distillation unite similar to the one described

by Veith and Kiwus (8) were constructed and tested until a
design waftfound that allowed the use of distillation volume-L-
as small a¥ 25 mL and also required minimal heat for steam
distillation. Tha design.that met these requirements is shown
in Figure 1. Recoveries of hexachlorobenzene, pentachloro-
phenol, tran*-ch1ordane, and anthracene spiked into 0.5 g of
oyster tissue at 50 and 500 ppb ranged from 85% to 97%.
These recoveries are comparable to those observed by Veith

100 -i

i
u

WCTUCMLOU
M + CI

M/Z 47%

U/Z Ztt
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100

2. Typical NCI mass spectrum tor steam dutiOaUbn of 250 mg of
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Table 1. Polychloro Ion Clusters in NCI Spectra of Steam Distillates of 250-mg Samples of Human Adipose Tissue0

no. of 2-20-2- 2-20-1- 2-24-8- 2-24-7- 2-24-5- 3-35-6- 2-20-3- 2-f'0-4-
chlorme MW-1 MW-1 MW-1 MW-1 MW-1 MW-1 MW-1 MW-1 B-l"m/2

217
231
243
263
294
305
307
314
317
323
339
341
350
351
373
375
387
407
409
420
421
440
441
463
475

3
4
3
5
4
5
4
5
4
4
5
4
4
5
6
5
6
7
6
8
7
9
9
7

10

identification

pentachlorophenol (M - 1)*

pentachlorobiphenyl (M - 19)"

p,p'-DDMU (M + 35)-

hexachlorobiphenyl (M - 19)"

p,p'-DDE(M + 35)'
heptachJorobiphenyl (M - 19)"

p,p'-DDT(M- 35)-
octachlorobiphenyl (M - 19)

heptachlor epoxide (M- Cl)~
nonachlor M '•
chlordane (M- CL)~

nonachlor (M + CL)~
" An asterisk indicates the presence of the ion cluster at five times the noise or higher intensity. 6 Column labelled B-l

was the procedural blank. The ion clusters appearing in these spectra were at least an order of magnitude lower in intensity
than in the sample spectra.

lOOr-

ui 50>

m/2 263

p.p'- OOMU
m/Z 317

\

m/2 339 0

/

m/2 373 rl

C17
m/Z 447

200 250 300 350

MASS NUMBER

400 450 500

Figure 3. Typical NCI mass spectrum for steam distillation of 2.0 rri. of human seminal plasma. Only 12C negative mass defect tons are shown
for porychkxinated chemicals

and Kiwus (8) for polychlorinated biphenyls (PCBs) and
l,l-dichloro-2,2-bis(p-chlorophenyl)ethylene (p,p-DDE) from
fish tissue.

Two experiments were conducted to evaluate the utility of
the microsteam distillation, as a clean-up procedure for NCI
screening for persistent toxic residues. First, we examined
eight 250-mg samples for human adipose tissue and fourteen
2.0-mL samples of human seminal plasma to determine the
different types of chemicals that may be isolated and identified
in real samples by these techniques. Second, we analyzed
smaller and smaller quantities of the same adipose tissue to
determine the minimum quantity of tissue required for de-
tection of the major toxic chemicals in these samples. The

predominant contaminants identified in the adipose tissue
survey were components of tec/»-chlordane, PCB isomers,
l,l,l-trichloro-2,2-bis(p~chlorophenyl)ethane (p,p'-DDT) and
l-chloro-2^-bis(p-ch]orophenyl)ethylene (pjs'-DDMU) (Table
I). The predominant contaminants identified in human
seminal plasma-were PCB isomers and pentachlorophenol
(Table II). The mass assignments in Tables I and II are
pseudomolecular ions that were formed by reactions 1-5 above.
Compound identifications are based upon a comparison with
NCI spectra of standards. In each sample an ion at m/z 463
(CL-) was observed; however, this compound remains un-
identified. Typical NCI mass spectra for steam distillation
of 250 mg of adipose tissue and 2.0 mL of human seminal
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Table II. Polychlorb Ion Clusten in NCI Spectra of Steam
sample no.

sperm
density

(lO'/mL)

no. of
mil chlorine
212 3
229 4
231 4
263 5
2H5 3
287 5
301 4
305 4
313 5
317 4
321 4
323 6
339 5
343 3
345 3
373 6
407 7
427 7
429 5
447 5
463 7

" An asterisk
in these spectra

D-7 N-2 N-5 D-12 D-2 N-21

8 11 12 19 20 20

•
* * • •

* * *
• * * *
* * * * •

*
•

• »
•

* • » *
• •

*
* * • *
• * *

• • * • • *
•

•

• * » » » •

Distillate* of 2.
N-14 N-10

20 29

*
*
*
*

* *

* *

* *
* *

* *

• *

0-mL Sample* of Human Seminal Plasma0-6

D-5 N-l S-7 N-22 S-10 N-29

106 129 146 198 227 229
1

* * * * * *
• *

* * * * * *
* * * * * *

*
* *
* *

* * * * *

* * * * *
* * *

* * * * * *
*
•
* *

*
• * * * * *

indicate* observation of the ion cluster at five times the raise or higher intensity. b Columns labeled B-l , 9,
were at least an order of magnitude lower in intensity than in the sample spectra.

B-l B9 Bll

X X X

compound identification

tetrachlorophenol (M - 1)

pentachlorophenol (M - 1)"

pentachlorobiphenyl (M - 19)

p,p'-DDMU(M+ CL)'

* * hexachlorobiphenyl (M - 19)'

* heptachlorobiphenyl (M - 19)"
octachlorobiphenyl (M - 19)

• *

11 were procedural blanks. The ion clusters appearing
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Figure 4. Get-permeation chromatographic traces of UV detector
response vs. edition volume for human adipose tissue samples of (A)
10 mg. (B) 50 mg. (C) 25 mg, and (0) 12.5 mg

plasma are shown in Figures 2 and 3, respectively. In addition
to the toxic substances listed in Tables I and II, low molecular
weight free fatty acids readily steam distill. Since free fatty
acids have a high sensitivity for chloride attachment (9), they
are the most consistent interference in NCI screening of en-
vironmental samples. Polychlorinated chemicals are therefore
identified in the mass spectra by their negative mass defecta
aa well as the characteristic isotopic ratios of the chlorine
isotope clusters. In both the steam distillation and GPC
procedures, a pentachlorobiphenyl was observed in the blanks
at a level approximately an order of magnitude lower than

ANALYTICAL CHEMISTRY. VOL. 52. NO. 6, MAY 1980 • 939

that observed in the smallest samples. Pentachlorobiphenyl
was therefore reported to be present only if it was 10 times
greater than that observed in the blank.

Additional samples of 100, 50, and 25 mg of a human
adipose tissue (2-20-2-MW-I, Table I) were analyzed. Al-
though absolute peak intensity for identification decreased
with decreasing sample size, all identifications made on the
250-mg sample were a;=o possible on the 25-mg sample. An
estimate of detectability of polychlorinated chemicals by NCI
was established by observing the pseudomolecular ion of
traru-chlordane, pentachlorophenol, and octachlorostyrene,
which had been spiked into the residue of 500 mg of steam
distilled cleaned up oyster tissue at 10 ppb. In each case the
pseudomolecular ions were readily identifiable.

We have examined GPC as an alternate clean-up procedure.
The system described by Kuehl and Leonard (7) was capable
of isolating both polar and nonpolar toxic chemicals from fatty
tissue; however, the system described was used for chroma-
tography of 0.5-1.0 g of oil, which represented 5-10 g of a fish
of 10% fat content A new column 500 mm X 10 mm packed
with Bio-Rad SX-8 beads and eluted at 1.5 mL/min with
cyclohexane/rrethylenechloride provided separation of corn
oil, PCBs, and pentachlorophenol comparable to that of the
large columns (7). In addition, Arochlor 1254 (1 ppm), hex-
achlorobenzene (500 ppb), and pentachlorophenol (500 ppb)
spiked into corn oil and eluted on this system were recovered
at greater than 95%.

A series of 100-, 50-, 25-, and 12.5-mg samples of the same
adipose tissue (2-12-2-MW-I, Table I) was then used to
evaluate the GPC performance to determine if the same toxic
chemicals could be found by GPC/ NCI aa were found by
steam distillation/NCI. Figure 4 shows UV detector traces
of the four tissue samples. As can be seen, maximum reso-
lution and sensitivity occur with the 25-mg sample. Appar-
ently a maTimiim optimum loading for this column was about
35 mg of oil. Negative chemical ionization analysis of each
sample showed the same series of toxic compounds as was
observed in the steam distillation/NCI experiment. In ad-
dition all compounds observed in the 100-tng sample were also
observed in the 12.5-mg sample.

We applied the micro-GPC/NCI screening system to the
analysis of a sample of Lake Ontario lake trout. A Soxhlet
extract of 50 mg of trout tissue was cleaned up by GPC and
analyzed by NCI. Polychlorinated biphenyls, hexachloro-

100 -

NONACHLOR
m/Z 475.

30O 350

MASS NUMBER

400 450 500

Figure 5. Negative chemical Ionization mass spectrum of 50 mg of Lake Ontario lake trout cleaned up by GPC. Only "C negative mass defect
tons are shown for polychlorinated chemicals
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benzene, polychlorinated styrenes (70), chlordane. and no-
nachlor are readily identified in this sample (Figure 51.

Although the use of micromethods limits the possibilities
for contamination of the sample, the amount of adventitious
material that will appear as a positive is also smaller for
microtechniques. Adequate procedural blanks must be carried
through the entire procedure. We have used both water and
corn oil for procedural blanks. Realistic tissue sample blanks
would be desirable, but we are not aware of sources of suf-
ficiently contaminant-free tissue. The steam distillation
system may be the best for micromethods because smaller
amounts of solvent and fewer pieces of glassware are required,
so it is generally easier to obtain clean blanks with this system.
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Simultaneous Titrimetric Determination of Bismuth Ion and Free
Nitric Acid Concentrations

David E. Hughes* and Marlo J. Cardone
Pharmaceutical Research Division. Norwich-Eaton Pharmaceuticals. Box 191. Norwich, New York 13815

A tandem tltrlmelrlc system has been developed in which a
complexometric assay for blsmuth(III) Ion is coupled with a
simultaneous alkalimetric determination. The metaOochromlc
Indicator pyrocatecholsulfonephthalein is used to determine
the end points of both tltrations. The procedure has been
developed In such a way as to produce four distinct end points
from the Indicator such that proper pH control and avoidance
of blsmuth(III) nitrate hydrolysis have been accomplished.

Complexometric titration of bismuth ion has remained the
assay of choice even in a time when titrimetric analysis has
been supplanted by newer methods. A need exists to assay
for bismuth(III) ion in the presence of nitric acid and to
determine the nitric acid concentration in some systems.
During the manufacturing of several antidiarrheal formula-
tions (I), for example, bismuth(III) appears concomitantly
with nitric acid. The importance of the following titrimetric
system is that it allows the tandem determination of both
species.

The stability of the biamuth-EDTA complex (the log of the
stability constant is 28.0 ± 0.3 (2,3)) dictates that only metal
ions that form very stable complexes can successfully compete
with bismuth for EDTA chelation. Thus, TV* (4), Fe3*, Hg2*.
In**, Zr4*, and Hf * interfere in any bismuth complexometric
titration and must be absent, removed, or reduced to ensure
the selectivity of the assay (5). Trivalent iron and rnercurydl)
ion, for example, are reduced by the addition of ascorbic acid.

Complexometric titrations of bismuth with EDTA have
employed a host of indicators. Alizarin chrome black R,
stilbazo, thorin (6, 7); picramineazo compounds (8, 9); the
yellow BiI4~ complex (10), the bismuth-thiourea complex (5),
azoimidazole (11). 2-2(2-pyridylazo)-4-methylphenol (PAC)
(12). thiazolyazonaphthol (13), 4-(4-nitro-2-thiazolyazo) res-
orcinol and 2-methyl-4-(4-nitro-2-thiazolyazo) resorcinol (14),
semixylenol orange and xylenol orange (15), 1-2-naphtho-

quinone-4-sulfonic acid-2-thiosemicarbazone (16), and pyro-
catecholsulfonephthalein (17) have been employed as indi-
cators. For reasons that will become evident later, pyro-
catecholsulfonephthalein was chosen as the indicator for this
investigation.

Pyrocatechol violet, catechol violet, and brenzcatechin violet
are all trivial names for pyrocatecholsulfonephthalein (18).
Although pyrocatecholsulfonephthalein undergoes air oxida-
tion in alkaline solutions, it is stable in neutral solution for
several months and is suitable for use as a bench reagent (19).
Analyses of bismuth in the presence of other metal ions,
including pharmaceutical formulations, have been performed
(20).

The structure of pyrocatecholsulfonephthalein reveals that

the indicator has two hydroxy groups meta to the central
carbonium ion which are available for complexation. The
protons on the hydroxy groups para to the central carbon atom
are acidic and auxochromic, successive deprotonation results
in a transition from a red aqueous solution (pH <1) to yellow
(pH 1-2) to blue (pH ~8). The sulfonate group serves the
function that it does in other benzaurin-like dyestuffs, namely,
to sterically hinder the triphenylmethane structure from
becoming a colorless carbinol by the addition of a hydroxyl
group to the central carbon atom. The sulfonate group does
not protonate even in very (pH <1) acidic media.

Although metallochromic indicators are always suitable as
indicators in acid-base titrimetry, pyrocatecholsulphone-
phthalein is particularly well-suited since the end point is a
sharp yellow to blue transition. The inference is that one could
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Temperature-Programmed Gas Chromatographic Determination of
Polychlorinated and Polybrominated Biphenyls in Serum

LARRY L. NEEDHAM, VIRLYN W. BURSE, and HAROLD A. PRICE1

U.S. Department of Health and Human Services, Public Health Service, Center for Disease
Control, Clinical Chemistry Division, Toxicology Branch, Atlanta, GA 30333

An analytical method was developed to quantitate
polychlorinated and polybrominated biphenyls
(PCBs and PBBs, respectively) in human serum. The
method includes denaturation of the proteins in
serum, extraction, adsorption chromatography, and
gas chromatography with electron capture detection.
The coefficients of variation for determining the in
vivo bound PCBs and PBBs ranged from 11.7 to 29.8%
and 7.1 to 14.0%, respectively. The method is capable
of measuring 10 ng PCBs and PBBs/mL in 4 mL
serum.

As recognition of the extent of environmental
contamination from chemicals increases, so will
the need to analyze both environmental and
human specimens for these contaminants. Be-
cause these compounds occur as mixtures,
methods for analyzing the entire group are
needed. The method reported here analyzes
human serum for a series of compounds, poly-
chlorinated biphenyls (PCBs), that have been
released into the environment over a period of
decades and for a smaller series of compounds,
polybrominated biphenyls (PBBs), that have
presumably contaminated a much more limited
area. The Michigan Department of Public
Health and the Center for Disease Control are
using this method to monitor PCB and PBB levels
in Michigan residents.

Commercial PCB mixtures vary in percentage
by weight of chlorination, depending on the
properties needed for a particular use; however,
higher forms of mammalian life that have been
exposed to all these mixtures selectively accu-
mulate the more highly chlorinated components
(1). In this study, PCBs were quantitated as
Aroclor 1254, of which 54% of its weight is
chlorine.

The decision to use Aroclor 1254 for quanti-
tation was made on the following basis. Milk
and fish products are reportedly the major
sources of PCBs in humans (2), and market basket
surveys conducted by the Food and Drug Ad-
ministration showed that the gas chromato-
graphic (GC) patterns of PCBs found in dairy and

1 Bureau of Liboratonn. Michigan Department of Public
H»lth. Unsing, M! 48914.

Rrcnvni August 21.1980. Accepted March 17,1981.

fish products most closely resembled Aroclors
1254 and 1260 (3). In a study conducted in the
State of Michigan concerning PCB levels of res-
idents who consumed fish from Lake Michigan,
the PCB patterns in adipose tissue resembled
Aroclors 1254 and 1260 (4). A source of the PCB
contamination of dairy cattle was found to be
silage that had been stored m PCB-coated silos;
this PCB coating contained Aroclor 1254 (5).
Another reason Aroclor 1254 was used in this
study was that a preliminary investigation of a
select number of serum samples from Michigan
residents gave a GC pattern essentially similar to
that found in goats that had been dosed with
Aroclor 1254.

We were interested in developing a method
that would analyze serum extracts for PCBs and
PBBs so that the PBB results would reproduce
those obtained from the same human serum that
had previously been analyzed by isothermal GC
with electron capture detection (ECD) (6). Pre-
liminary attempts to separate the analytes by
using adsorption chromatographic techniques
and the more readily available adsorbents, Flor-
isil, silica gel, silicic acid, and alumina, were
unsuccessful.

We then considered approaches that would
take advantage of differences in the ionic prop-
erties and molecular size of chlorine- and bro-
mine-substituted biphenyls (7). Ion exchange
resins utilize the slight difference in ionic char-
acter, but were not used because of the unpre-
dictable character of these resins (8). Exclusion
chromatography (9) utilizes the difference in
molecular size and was evaluated by using 100
A M-Styragel columns in a high performance
liquid chromatographic system; however, this
system did not completely separate PCBs from
PBBs.

Following these preliminary studies, we ten-
tatively decided to follow an analytical approach
that would provide simultaneous determination
of both analytes. The objective then became the
development of a method that would extract
PCBs and PBBs from serum, provide an extract
compatible with GC/ECD analysis and subse-
quent quantitation, and reproduce the previous

0004-5756/81 /640&-1131-07101.00
* Association at On c.»l Aiuiytcal Qwmsts. Inc.
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PBB results. Previous data (4,6) had established
the efficiency of a hexane-ethyl ether extraction
of methanol-denatured serum for PCBs and
PBBs. Evaluation of the use of silica gel in van-,
ous forms and stages of activation and deactiva-
tion (10-13) produced varying degrees of success
in separating the commonly occurring chlori-
nated hydrocarbon insecticides from the halo-
genated biphenyls. On the basis of the evalua-
tion, it appeared that procedures using deacti-
vated silica gel provided a separation of most
chlorinated hydrocarbons from halogenated
biphenyls, good transferability, and processed
a high volume of samples.

Evaluation of CC column packings to deter-
mine suitability for simultaneous analysis of
PCBs and PBBs was done in the order of ascend-
ing value for McReynolds' constants of each
liquid phase. The evaluation criteria consisted
of: (3) peak-to-valley resolution of analytes; (2)
total retention time; and (3) ability to withstand
rapid programming and high temperatures with
little column bleed. We noted that those liquid
phases with the lowest McReynolds' constants,
the methyl silicones, gave the best overall per-
formance on the basis of our criteria.

A major problem in determining PCBs is the
quantitation step, which is made increasingly
difficult in biological samples by metabolism
and/or elimination of some of the PCBs, so that
the extracted product does not replicate any of
the commercial PCB mixtures. Other studies
(14-16) have shown that when gas chromatog-
raphy is used with an electron capture detector,
the method of Webb and McCall (17) gives im-
proved interlaboratory precision and /or accuracy
in quantitating PCBs as a particular Aroclor over
methods that measure total peak height (or area)
of all peaks or selected peaks.

On the other hand, PBB mixtures show fewer
peaks than do PCBs when determined by packed
column GC/ECD. Moreover, since the com-
mercial product (Firemaster FF-1) consists largely
of 2.2',4,4',5,5'-hexabromobiphenyl (18), quan-
titation is based on comparing the size of the
hexabromobiphenyl peak in the sample to the
size of this peak in a known weight of the com-
mercial material (6).

For the quantitation of PCBs, we adapted the
method to a microprocessor-controlled data
system. The quantitation of PBBs is based on the
largest peak in the Firemaster standard and is
also accomplished by the microprocessor-con-

Us* ol t trade name it lor identification onlv and don not
ct>n«tinjie in cndorvmi-m bv inrfubhc Health Service or the
I S Department or Health and Human Service!.

trolled data system. This system has been de-
scribed elsewhere (19).

METHOD
Apparatus

(a) GLC/datu system. — Varian 3700 gas chro-
matograph (Walnut Creek, CA) equipped with
Hewlett-Packard Model 7671 A automatic injector
(Avondale, PA), constant current MNi electron
capture detector, and Varian Model A-25 strip
chart recorder. Chromatograph was controlled
and data were calculated by Varian CDS lll(c)
microprocessor.2 Operating conditions: tem-
peratures — column held at 190°C and pro-
grammed after PCBs elute (ca 21 min) to 230°C
at 10° /min; detector 3308C, injection port 250°C;
nitrogen flow 20 mL/min.

(b) GLC column.— Glass, 6 ft X lk in. id, packed
with performance-tested 3% SE-30 on 80-100
mesh Gas-Chrom Q (Applied Science Laborato-
ries, Inc., State College, PA).

(c) Chromatographic column. — Glass, 18 cm X
9 mm, packed with 3.0 g 70-150 mesh silica gel
(Woelm) containing 3% water and sandwiched
between 1 cm layers of anhydrous
Reagents

(a) Solvents. — n-Hexane, methanol, and ethyl
ether (Distilled-in-Glass, Burdick and Jackson,
Muskegon, MI).

(b) Sodium sulfatc. — Anhydrous, reagent
grade, washed with hexane and continually
oven-dried at 130°C. Remove from oven and let
cool in desiccator before use.

(c) S//ica gel.— Weigh silica gel into beaker,
cover with aluminum foil (punch several holes
in foil) and let stand in 130°C oven for at least 24
h. Let silica gel cool in vacuum desiccator.
Weigh dried gel into flask w;th Teflon-lined
screw cap. Add water down sides of flask in
amount to constitute 3% of total weight. Extract
water beforehand 3 times with hexane. Shake
wetted gel until there is no evidence of clump-
ing. Rotate 3 h on mechanical rotator and let
stand rightly capped overnight before use. Silica
gel prepared in this manner maintains its elurion
characteristics for at least 7 days.

(d) Standards.— PCB (AR "l254, EPA STD
5700E) was provided by Environmental Protec-
tion Agency. PBB (Firemaster FF-1, Lot 7042)
was provided by Farm Bureau Services, Inc.
(Lansing, MI) via the Food and Drug Adminis-
tration. Standard solutions, from which cali-

: A complete detf npnon of programming the Vanan CDS
I l K c l for this determination can b* obtained (rom the au-
thors
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Table 1. Estimate* of precision on analyses • of In vivo pools containing PCBt and PBBs

Pool

A
B
C
D
E

N

49
48
46
47
44

Target. "ppb

10
42
10

100
10

PCB

Obtained (mean)
ppb

10.5
41 2
12.7
953
12.5

CV. %

13 1
152
237
11.7
298

Target." ppb

10
164
41
10

484

PBB

Obtained (mean).
ppb

8.6
138.6
348
8.9

426.9

CV. %

8.4
8.7

140
138
7.1

' See text (or pool description. Data analyzed by one-way analysis of variance.
* Target value is defined as the protected concentration resulting trom the dilution ot serum taken from cattle exposed

to Aroclor 1254 and Firemaster FF-1 with PCB/PBB-fre« bovine serum.

bration factors are obtained, were prepared in
hexane. These 4 mixed standards ranged from
430.5 pg AR 12541 nL and 95.1 pg PBB/ML to 41.0
pg AR 1254/^L and 9.5 pg

Extraction
Accurately pipet 4 mL serum into 16 X 125 mm

culture tube, add 2 mL methanol, and swirl
briefly by vortex. Add 5 mL hexane-ethyl ether

UJ
V)
O
0.
CO
UJrr

24 28 32 36 4O 44464
TIME (MINUTES)

Figure 2. CC chromalograms of in vivo Pool A (upper trace) and control serum (lower trace). As shown
in Table 1, the concentrations of PCBs and PBBs were approximately 10 ppb in this serum pool. Injection

volume was equivalent to 12 mg of sample. Conditions as described in text.
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:Bi and PBBt

:tamed (mean).
DPb CV. %

8.6
1386
348
89

1269

84
8 7

14.0
138

7.1
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methanol, and swirJ

mL hexane-ethyl ether

MAL 1
•44 464

trace). As shown
Injection

text.
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(1 + 1), agitate 15 min at 50-55 rpm on rotary
mixer, centrifuge 6 min at 1800 rpm, and transfer
supernatant to 20 X 150 mm culture tube. Re-
peat this extraction step twice and combine ex-
tracts. Reduce solvent volume, at room tem-
perature, to ca 0.5 mL under gentle stream of
nitrogen.

Adsorption Chromatography
Prewash column containing silica gel with 20

mL hexane. Transfer concentrated extract to top
of column. Rinse sample tube with three 0.5 mL
portions of hexane and transfer each wash to
head of column. Elute column with 5 mL hex-
ane; discard first 7 mL; collect 15 mL in conical
tube which has been calibrated to 1 mL. Con-
centrate eluate to 1 mL by blowing gentle stream
of nitrogen into eluate which is heated to 40°C
in a water bath. Analyze by GC/ECD.

Gas Chromatography
Inject 3 fiL of PC8 and PBB mixed standards.

Having calculated various absolute calibration
factors by external standard method (19), inject
3 nL of an appropriate aliquot of extract. Derive
PCB and PBB contents of unknowns by compar-
ing their peak areas to that of the mixed stan-
dards.

Results and Discussion
Our chromatogram of Aroclor 1254 (Figure 1)

compares favorably with that of Webb and
McCall (17), to which they assigned their factors.
The main difference is that our chromatogram
shows 3 additional peaks at relative retention
times of 244,279, and 331. Also, our chromato-
gram includes the response for PBB. However,
the peaks 244,279, and 331 are not characteristic
of PBBs, because our GC recordings of PCB
standards without added PBB give these 3 peaks.
We believe the differences may be attributed to
any one or combination of the following: (1)
differences in the lots of AR 1254 employed in
the 2 studies; (2) differences in resolution of the
GC columns used; (3) differences in the response
characteristics of the different electron capture
detectors to certain PCB isomers.

Certain characteristics of the GC tracing led to
difficulty in obtaining reproducible calibration
factors (or response factors) for certain peaks, i.e.,
the CDC lll(c) microprocessor did not consis-
tently detect baseline at the same point within
concentrations and especially among concen-
trations of the Aroclor 1254 standards. This re-
sulted in considerable variation by area counts
for the same peak. This problem was especially
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Table ̂ .

Compound

Halowax 1001
OecachloroDiphenyl
Halowax 1051
AR 5432
AR 5442
AR 5460
''utylphthaiyl

sutylglycolate
./i-2-etnyl hexyl

phlhaiate
Di-2-ethyl hexyl

adipate
Mixed chlorinated

hydrocarbon standard11

trans-Nonachlor
Qxycnlordane
Toxaphene
Mirex

ET A1_: I ASSOC OFF ANAL. CHEM (VOL. 64. NO. 5. 1981)

Potential environmental interference* calculated at PCIU and/or PBB»

Level ot
in vitro

spike (POD)

48.8
500
51.2
47 8
510
60.0

150000

136800

140000
10

(each component)
60
2.5

100
12.2

Total PCB
level (ppb)'

11.06
1.77
695
1.86
1.16
1.34

1.10

1.54

1.16

3506C

0'
0
3.40
42

PBB level
(ppb>*

007
11 24
N.P.D.
N PD.
0.015
0035

0.09

002

0.035

Oa

0
0
0
0

PCB interference
factor

0.2266
00354
0.1357
00390
00242
00223

7.3x10-*

11X10-*

8.2X10-*

0.3506*: 3.506*
0
0
0034
0.34

PBB
interference

factor

00014
0.2248
0
0
0.00029
00006

6 X 10-7

1 X 10-'

2 x 10-'

0
0
0
0
0

• Average of duplicates.
0 Hexachlorobenzene. vhexachlorocyclohexane. J-hexachlorocyclohexane. heptachlor epoxide. o.p'-DDE. p.p'-ODE.

dieldrm. o.ff -DOT. p.p'-ODD and p.p'-DDT.
c Single value. p.p'-ODE. accounted for 94 8% of the PCB concentration.
" Considering concentration of all 10 components.
• Considering concentration of only p.p'-ODE.
' Elutes from adsorption column with PCBs but GC retention time precludes calculation as a PCB.

evident for PCB peaks 56,124,146,158, and 172.
However, this problem was overcome through
grouping. Grouping is a process whereby areas
of several peaks or a broad peak are combined
and treated as a single peak; the retention time
assigned is that of the midpoint of that group.
Peaks 244.279, and 331, for which there were no
assigned Webb and McCall factors, were com-
bined with peaks 202 and 228. Since Webb and
McCall's mean weight percent factor for Aroclor
1254 accounted for 100% of the PCBs, this group
was assigned a mean weight percent value of 2.8,
which is the sum of values (1.8 •+• 1.0) originally
assigned by Webb and McCall for peaks 203 and
232. respectively.

To better estimate the precision of this method,
pooled material containing in vivo bound PCBs
(as AR 1254) and PBBs was repeatedly evaluated
before and during the analysis of unknowns. In
the data shown in Table 1, each of the pools was
analyzed in duplicate on 11 different days before
the analyses of unknown samples, and 3 pools
were included with each run of unknowns; this
resulted in a minimum of 44 analyses for each
pool. In general, the coefficients of variation
(CV) were lower for the PBBs. Figure 2 is a typ-
ical gas chromatogram.of Pool A (see Table 1) and
the bovine control.

The variation in any procedure is the sum of

all variations from various aspects of the method.
We have evaluated the contribution to the total
variation made by the automated instrumenta-
tion through the statistical examination of cali-
bration factors for standards at 4 concentration
levels. These calibration factors were generated
over a series of analytical runs and are displayed
in Table 2. The CV determined from the
among-run "within-concentration" statistics
increased for all analytes as the concentration
of the standard decreased. The among-run
"among-concentration" statistics indicate a CV
of >10% for grouped peaks 47-58, 174, and
203-232; for the PCB peak 98; and for the major
peak in PBB. Nonetheless, this agreement
among the calibration factors demonstrates the
linearity of the system over the concentration
range studied.

We also evaluated the contribution of the ad-
sorption chromatographic step to the total vari-
ation in the PCB and PBB data. This was done by
monitoring the recoveries from the elution step
of an extract of serum that originally had been
PCB/PBB-free, but after extraction was fortified
with PCBs and PBBs at 26 and 119 ppb. respec-
tively. The PCB and PBB recoveries were mea-
sured daily for 7 days following silica gel deac-
tivation; the analyses of both PCBs and PBBs had
CVsof5.9Tc.
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Long-term Studies of the Excretion of Polychlorinated Biphenyls
(PCBs) Through the Mother's Milk of an Occupational^ Exposed
Worker

T. Yakushiji,11. Watanabe, K. Kuwabara, S. Yoshida, K. Koyama I. Kara and
N. Kunita
Osaka Prefecture! Institute of Public Health. 3-691-Chome. Nakamichi, Higashinari-ku, Osaka, Japan
(537)

Abstract. Long-term studies of the excretion of polychlorinated biphenyls
(PCBs) through the mother's milk were conducted on an occupational^
exposed worker, who worked with PCBs in a capacitor factory.

PCBs level in the mother's blood was 57 ppb, a level 10 to 20 times higher
than that of non-exposed persons. The other tissues and fluids obtained at
time of delivery were also assayed. PCB contents in umbilicus tissues,
umbilicus blood and amnion fluid were '&,, lk and Vs, respectively, the amount
found in the mother's blood.

An approximate 76% decrease in PCB levels in the mflk were noted 16
months after delivery; 200 mg of PCBs were excreted in about 818 liters of
milk for this 16-month period.

A detailed analysis of the individual components in PCB residues clarified
the remarkable changes of the PCB pattern in the blood.

Since PCBs in mother's mQk were detected in the high concentration range of
0.01 to 0.7 ppm on the whole mflk basis in Japan in 1972 (Isono 1972), many
research institutes have been investigating the environmental behavior of PCBs.
Therefore, the residue levels to be expected and related new information became
available from these studies (Takeshita el al. 1974, Hashimoto el al, 1976,
Shimada 1976, Nakayama and Aoki 1977, Nishimura et al. 1977).

In our investigation of PCBs in blood and mother's milk of non-exposed
women for 6 years, we have been studying the problem of breast-feeding through
the su-vey of PCBs. The levels of PCB in mother's milk and blood were almost
stable from 1972 to 1977; in the range of 0.03 to 0.04 ppm on the whole milk basis
(Yakushiji et al. 1977a, b). An average intake of 150 ml/kg of milk per day per
baby would mean that each baby would consume approximately 4.5 to 6 fxg/kg of
PCB's per day. Then one-half the number of Japanese babies would ingest larger

' To whom correspondence should be addressed.

0090-4341/78/0007-0493 $2.40
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amount of PCBs than that of the allowable temporary tolerance of Japan (5
kg/day). In a recent study, it is clear that remarkable amounts of PCBs transfer to
suckling babies through mother's milk (Kuwabara et al. 1978). Actually, the PCB
levels in milk after the first-delivery are higher than the levels observed after the
second-delivery (Yakushiji et al. 1977a, b).

We had the opportunity of examining PCBs in the mother's milk of a 36-year-
old housewife who was exposed to PCBs (Kanechlor* 300 and 500; chlorine:
43% and 55% respectively) in a capacitor factory from 1959 to 1966. The exposed
worker, diagnosed as a chronic case of PCB intoxication, delivered her first child
13 years after marriage and two years after fasting treatment for the intoxication.
The details were reported by Sagami (Sagami et al. 1973, Sagami 1977).

In this report, we describe a long-term investigation of the excretion of PCBs
through the mother's milk, the PCB levels in the tissues obtained at time of
delivery, and the changes of the PCB pattern in subsequent samples over a
period of time.

Materials and Methods

Samples

Placenta, umbilicus tissues, umbflicus blood, amnion fluid and omentum adipose tissue were obtained
at delivery on July 29, 1975. The blood PCBs level of the subject was high enough to recommend
abandonment of breast-feeding. However, milk was collected every day from the mother for analysis.
The milk volumes collected were recorded. Forty-one milk samples were analyzed for PCBs at
regular intervals and 16 samples were also analyzed for p.p'-DDE after delivery. Nine blood samples
were taken, as indicated in Figure 3, and subcutaneous adipose tissue was also taken for PCB analysis
in November 1976.

Analytical Methods

The fat was extracted from the milk, omentum adipose tissue and subcutaneous adipose tissue with
ethanol, ether and n-hexane. The fats, tissues and fluids were saponified with 2N KOH-ethanol
solution on a water bath for I hr (Wakimoto and Tatsukawa 1972). The PCBs were extracted with n-
hexane followed by Florisil column chromatography (Yakushiji et al. 1978). The eluates were
concentrated and injected into a gas chromatograph.

Identification and Quantitation of PCBs

Individual components of the PCB residues were identified by mass fragmentography and mass
chromatography (Yakushjji et al. 1978). Figure 1 shows the gas chromatographic separation on a 2%
OV-I column of PCBs in the mother's milk. It was confirmed by GC-MS analysis that the peaks 4.9,
11.15.16.18.20.21 and 22 numbered by the OV-1 system (Ugawa 1973) were PCBs and that no other
contaminants had interfered at the same retention times on the CC. Therefore, calculation of the
PCBs were made for these peaks.

The quantitatkm of PCBs in mother's milk as Kanechlor 500 is not accurate, since the pattern of
PCB extracted from the milk or the blood are quite different from that of Kanechlor 500. Therefore,
the 2% OV-I column analysis proposed by Ugawa (1973) was used for the calculation of the PCB
content of the samples. However, for the detailed analysis of the individual components of PCB
residues, the 2% Apiezon L column analysis proposed by Jensen and Sundstrom (1974a) and applied
by Nakamura (1977) was used. Two different GC numbering systems were used and they conform to
those used in these references.

PCBs in
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Table 1. Levels of PCB in the tissues and fluids.

PCB concentrations

Sample

PUcenia
L'rr.bfljcus tissues
Umbilicus blood
Mother's blood
Amnion fluid
Ocnentum adipose tissue
Subcutaneous adipose tissue

r taken from the mother)
Baby's blood
Baby's blood

Fat basis
Sampling date ppm

July '75 —
July " —
July " —
July " —
July " —
July" 16.1
Nov. '76 4.1

Nov. '75 —
Nov. '76 — .

Whole basis
ppm

0.056
0.011
0.016
0.057
0.010

i:.z
4.0

0.003
0.004

Table 2. Estimation of the excretion of PCBs through the breast milk

• Number of samples
•* Monthly averages
• 6 x c x 10-'
• Morithly milk volumes collected
' d x e x 10-1"

Month
and
year

8 '75
9

10
11
12

t "6
2
3
4
5
6
7
8
9

10
11

PCBs concentration

N'

9
3
3
2
1
2
2
2
2
2
2
2
2
2
2
2

Fat"
%

2.71
2.98
1.87
1.80
2.01
2.22
2.6S
2.55
3.59
2.22
3.18
3.47
3.72
3.42
2.37
4.37

Fat basis'
ppm

13.6
15.8
15.2
13.2
11.2
10.1
8.5
9.6
8.3
5.0
5.0
5.3
4.3
3.5
3.8
3.8

Total

Whole basis4 Milk*
ppm

0.37
0.47
0.28
0.24
0.23
0.22
0.23
0.24
0.30
0.11
0.16
0.18
0.16
0.12
0.09
0.17

ml

49380
63445
75500
77700
74420
62700
60990
66850
65100
57290
45240
38320
35930
27720
15030
2715

818320

PCBs excreted'
mg

18.3
29.8
21.1
18.6
17.1
13.8
14.0
16.0
19.5
6.3
7.2
7.0
5.7
3.3
1.4
0.5

199.6
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Results

Er.-'r.-iVvi of PCBs

Ti'r-s 1 shows the PCB levels in the tissues and fluids obtained at time of delivery
izi in the blood of the baby. The concentrations of PCB in umbilicus tissues,
-"ilkus blood and amnion fluid were 1/5, 1/4 and 1/6, respectively, the amount
:"o-=c in the mother's blood. However, the level of PCBs in the placenta was
i^LOit equal to that of the mother's blood. These results indicate that PCBs were
--r^iterred from the mother to her foetus. The PCBs level in the mother's blood
-15 10 to 20 times higher than that of non-exposed women (Watanabe et al.
19 . Consequently, the new-born was not given breast milk. Therefore, the
rkco PCBs level of the infant was fairly low, at 0.003 ppm 4 months after
cVr.ery. which was 1/19 of the level of the mother's blood.

Long-term investigations of PCB contents in the milk and blood were contin-
ue for 16 months after delivery. As previously described, 41 samples of milk
-srt analyzed for PCBs at regular intervals. The data presented in Figure 2,
-•hich indicate monthly averages, show an approximately 76% decrease in PCB
Jsvsls from August 1975 to November 1976. The half-life periods of PCBs and
-".7 -DDE were both about 8 months. After 8 months, the rates of decline in
corcsmration were much less.

.After the recommendation to abandon breast-feeding, milk was collected
ev»-. day and the volumes were checked until November 1976, when the
5-t—S'.ion of milk stopped. In Table 2, the PCB content on the whole milk basis
-*£.* conveniently calculated by the multiplication of the mean value of fat-% by
:hi: of the PCB content in the milk fat. In 9 months, approximately 170 mg of
PC3> were excreted, and a total of 199.6 mg of PCBs were excreted for the 16-
-x>--ji period ending November 1976. Table 1 shows that the PCB content in
subcutaneous adipose tissue of the mother at this time was 4.1 ppm and was 1/4

0

o

•/x

I
3 18 9 JO 11 12 1 2

1973 1975
Decline in concentration of PCBs and p.p'-DDE in the breast milk, ppm on fat basis.

5 6 7 8
( mm )

9 1 0 1 1
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Fig. 3. Decline in concentration of PCBs in the mother's blood

J;
S
A
A

the amount found in omentum adipose tissue obtained at delivery. This percent-
age decrease in concentration was similar in the milk fat.

Figure 3 shows the time course of PCBs concentration in the blood. Blood
PCB levels were almost constant before delivery. Whereas, the sudden decrease
in blood PCB concentration was roughly parallel to the decrease in breast milk.
The final blood PCB level was 1/5 the amount found before delivery.

Pattern Analysis

Additional studies were made using the Apiezon L gas chromatograph column to
clarify the changes of individual components of PCBs in the samples. The second
GC numbering system was used. Table 3 indicates the relative percentage of
each PCB component in the tissues and fluids. Peak 32 was defined as 100% for
the calculation of the relative chlorobiphenyl percentage of each component.
PCB patterns of low-chlorinated biphenyls of the placenta was rather similar to

t
d
r
t
I:
e
c
r
i

Table 3. PCB patterns in the tissues and blood

Samples

Relative percentages of chlorobiphenyls*

k 9 Jl 25 28 29 3: 47 49 50"
Sampling date 3 4 4 5 5 6 6 6 7 7 *

Omentum adipose tissue July '75
Mother's blood July "
Placenta July"
Baby's blood Nov. "

31 92 14 97 25 84 100 17 14 8
40 109 20 122 28 86 100 19 14 7
43 100 20 93 27 81 100 17 21 II
81 141 37 75 23 90 100 13 41 18

•.Peak 32 was denned as 100%
* Peak number by Apiezon L column
' The numbers of chlorines



?CBi in Mother's Milk 499

Tab»« 4. Changes of PCB patterns in the mother's blood

Relative percentages of chlorobiphenyls*

5^

Jia.
Sep.
Ayr,

-V-2
NU-.

pling date

"7*

. -6

"77

k
3

SO
40
34
20
16

9
4

104
109
88
72
64

11
4

23
20
16
14
10

25
5

116
122
97
79
73

28
5

28
28
24
21
17

29
6

79
86
88
87
92

32
6

100
100
100
100
100

47
6

17
19
20
21
23

49
7

13
14
16
20
24

50"
r
7
7
9

11
15

• Peak 32 was defined as 100%
1 Peak number by Apiezon L column
* The numbers of chlorines

that of the mother's blood. However, in the omentum adipose tissue, a slight
difference was observed. Remarkable differences in the PCB pattern were
recognized between the mother's and the infant's blood. A significant decrease in
the relative percentage of some chlorobiphenyls occurred between the first and
Last sampling of the mother's blood, i.e., peak k = 50% to 16%, 9 » 104% to
64^, 25 = 116% to 73% and 28 - 28% to 17% (Table 4, Figure 4). These
components were relatively low-chlorinated biphenyls. In contrast, the relative
percentages of peaks 29,47,49 and 50 increased considerably compared with the
peak 32. The same changes in the PCB pattern were observed in the breast milk.

Discussion

Excretion ofPCBs

The excretory route of organochlorine compounds from mammals have been
previously evaluated (Morgan and Roan 1972, Fries et al. 1973). There are
several reports of animal experiments with high level exposure to PCBs (Grant et
al. 1971, Hashimoto el al. 1976, Hayes et al. 1971), but only a few report any
low-level exposure data. Price et al. (1972) reported pesticide residues and PCB
levels in diets, urine, and fecal matter of preadolescent girls. In their experi-
ments, 88% of the ingested PCBs were not excreted and, presumably, they were
retained in the body. In our previous study, the time course of blood PCB levels
of exposed workers, non-exposed persons and Yusho patients did not show any
tangible decrease (Watanabe et al. 1977). From these data, urine and feces seem
to be the minor excretory route of PCBs from the human body.

It was recognized that large amounts of PCBs were excreted through the
mother's milk, and it may be assumed that this was the major excretory route.
Our Studies with occupationally exposed workers, non-exposed persons and
their children showed that PCB levels in infants' blood were highly influenced by

I
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( I

(A)
47 49 50

(B)

(C)

INJ, 10 20 30 50 60(KIN,)
Fig. 4. Changes of the PCS pattern in the mother's blood.—Gas chromatographic separation of
PCBs in the mother's blood—Shimadzu GC-6A type, with election capture detector, fitted with a
glass column (5 m x 2 nun) packed with 2% Apiezon L Grease on Gas Chrom Q (100/120 mesh).
Temperature: Detect, Inject, 270*C; Column 250* C. Carrier gas Nt. 30 ml/mm. Blood samples
were obtained in Jan. 1975(A). Apr. 1976(B) and May t977(C). Molecular compositions; k -
2.4.41.9 - 2.4,5.4'. 25 - 2,4,53' ,4'. 28 - 2 J.4.3',4', 29 - 2,4,S.2'.4',5>, 32 - 23.4.2' ff, 47 -
24.4.5.3' 4'. 49 - 2.3.4.5.r ,4'S, 50 - 24.4.2'.3'.4'.5'.

the feeding period of breast milk. In many cases, PCB levels in the infants blood
were the same or higher than that of the mothers with only a 3-month feeding
period of the infant. The highest PCB level in the blood of workers' children was
93.2 ppb, while that of the mother was 18.3 ppb (Kuwabara el al, 1978).

Approximately 200 mg of PCBs were excreted from August 1975 to Novem-
ber 1976, in a total of 818 liters of breast mflk. The data in Table 2 indicates that
the average daily excretion of PCBs for the first 6 months was approximately 660
fig. The average PCB concentration of the first 6 months was estimated to be 0.30
ppm on the whole milk basis. A calculation of an average daily intake of 150 ml/
kg of mflk by the babies would mean that new-boms would consume 45 Mg/kg of
PCBs per day. Other data show that Yusho patients* had consumed approxi-
mately 70 /ig/kg of PCBs per day (Kuratsune et al. 1972). As a comparison, Alien
et al. (1973,1974,1976) showed that where adult rhesus monkeys exposed to 2.5
to 5.0 ppm PCBs on a continuous basis for 18 months, the infants consumed 30 to
80 /ig/kg of PCBs per day. Within 2 months following birth, the infants had facial

' In March of 1968. PCB poisoning occurred in the northern and western pans of the Japanese
bland of Kushu. The disease was named "Kanerai Yusho." Yusho patients each consumed
Kancmi Rice Oil containing 0.5 to 2 g of PCBs during a 3-mo. period (Umeda 1972).
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acne, edema and other problems caused by the consumption of mDk contami-
nated with PCBs. Based on these data, if the new-bom in our study had
consumed the mother's milk at least for 6 months, it might have ingested the
same amount of PCBs as the Yusho patients or the infant monkeys of Alien's
experiment.

Masuda et al. (1974) found 0.03 to 0.06 ppm of PCBs in 5 samples of breast
milk collected from a woman with Yusho within 5 days after delivery. These
levels were much lower than that of the worker reported in this study. Yoshi-
mura (1974) also reported a case of infants with Yusho caused by the consump-
tion of PCB-contaminated milk.

Panern Analysis

The distribution and metabolism of PCBs in mammals and treated animals have
appeared in many reports, and it was recognized that highly-chlorinated biphen-
yls accumulated in adipose tissues; however, low-chlorinated biphenyls were
rapidly excreted from the body (Bush et al. 1974, Jensen and Sundstrom 1974
a.b. Gage and Holm 1976). From their data, this tendency has been considered to
be a common one. Among the residual components of PCBs in the human body,
highly-chlorinated biphenyls which have 5 to 7 chlorine atoms have already been
identified by GC-MS. However, low-chlorinated biphenyls such as tri- or tetra-
chlorobiphenyls have not been clearly identified, because of the interference of
contaminants.

In our experiments large amounts of tri- and tetrachlorobiphenyls were
identified in the mother's milk, which were approximately 25% of the total PCB
amounts accumulated in the. milk. In another investigation on non-exposed
women, approximately 30% of low-chlorinated biphenyls were identified, i.e.,
trichlorobiphenyl 8.4 ± 2.2%, tetrachlorobiphenyls 19.1 ± 2.6%. The substituted
position of the chlorine atoms of tri- and tetrachlorobiphenyls were also identi-
fied as 2,4.4', 2,4,3',4' and 2,4,5,4', respectively (Yakushiji et al. 1978). These
results provide significant information on the studies of the mechanism of
biological degradation of PCBs.

PCB patterns (Table 3) in the maternal samples were quite different from
those observed in the infant. The infant never consumed the breast milk;
therefore, PCB levels in the infant's blood were fairly low. It can be assumed that
these differences were due to artificial feeding and the low amounts of PCBs
transferred through the placenta.

Welti and Sissons (1971, 1972) have determined, the composition of the
isomers of Aroclor 1254 and the retention indices of the PCB compounds. Jensen
and Sundstrom (1974a) reported the structures and the levels of most of the
chlorobiphenyls found in human adipose tissue. From their work and the pattern
analysis in this report, it was confirmed that all of the residual components in the
breast milk of the exposed worker had specific structures, i.e., peak k - 2,4,4', 9
= 2,4,5,4', 25 = 2,4,5,3',4', 28 = 2,3,4.3',4', 29 = 2,4,5,2',4',5', 32 = 2,3,4,2',4'-
.5', 47 = 2,3,4,5,3',4', 49 - 2,3,4,5,2',4',5' and 50 = 2,3,4,2',3',4',5' (by the
numbering system of Apiezon L column). These components all have a 4,4'
substitution pattern. Bush et al. (1974) also mentioned this substitution pattern
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found in the avian system. Our experiment was a specific case of the excretion of
large amounts of PCBs through mother's milk, and it was shown that among
these residual components, the low-chlorinated biphenyls. and peaks 25 and 28,
which have 3,4-dichloro substitution in one of the phenyl rings, tend to be slowly
excreted from the body. On the other hand, the high-chlorinated biphenyls,
which have the 2,4,5-trichloro substitution in one ring and the 4-substitution in
the other ring, are assumed to be one of the most stable structures in the human
body.

In our previous report, the character of residual PCB patterns in the blood of
non-exposed persons and workers exposed to some commercial brands of PCBs
were highly influenced by the original PCBs ingested or handled by the workers.
The residual PCB components satisfied the specific structures mentioned above.
However, in some cases, and particularly in the Yusho patients, some accumula-
tive components, i.e., peaks k, 9, 25 and 28 were specifically metabolized
(Watanabe et at. 1977). The rapid decrease of the specific components were also
recognized in experimental animals with high level exposure to PCBs (Hori et al.
1977, Yoshida et al. 1977). Also, the rapid decrease of these components were
roughly parallel to the activation of liver microsomal drug-metabolizing enzymes
enhanced by PCBs (Shimada et al. 1976). These components, particularly 3,4-
dichloro substituted compounds, might have a significant biological effect and be
closely related to the toxicity of PCB's.
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Pesticide and PCB Residues in the Upper Snake River Ecosystem,
Southeastern Idaho, Following the Collapse of the Teton Dam 1976

J. A. Perry
Idiho Department of Health and Welfare, Division of Environment, 636 Pershing, Pocatello, Idaho

Abstract. The Teton Dam in Southeastern Idaho collapsed on June 5, 1976.
The resulting flood damaged a large area and caused the release of toxicants
into the Snake River. A pesticide recovery team in a helicopter worked the
flooded area for three weeks and collected 1,104 containers, about 35% of
which contained toxicants. It was estimated that less than 609i of the lost
pesticide containers were recovered.

This paper addresses the results of a one-time sampling effort designed to
determine the magnitude of the chemical contamination. Over 300 samples of
fish, plankton, waterfowl, sediments, water, stream drift, aquatic plants, and
soil were taken. Pesticide residues were measured as Mg^g (ppb) wet weight,
whole animal basis. Rainbow trout had as much as 1432 fig/kg total DDT plus
analogs, 66 pig/kg dieldrin, and 1010 pig/kg PCBs. Utah suckers had up to 1420
Mg/kg total DDT plus analogs, 32 Mgfcg dieldrin, and 1800 pig/kg PCB. Rocky
Mountain whitefish had as much as 2650 fig/kg total DDT and analogs, 30 y^j
kg dieldrin and 1400 Mg/kg PCBs. These PCB and DDT levels were high,
approaching the 2,000 Mg/kg PDA proposed tolerance, but were below the
5,000 M&'kg present tolerance. Dieldrin levels were low and organophos-
phates were undetectable.

An undeveloped area (the Fort Hall Bottoms) showed higher levels of
contaminants than did an industrialized area (the lower Portneuf River). This
apparent discrepancy remains unexplained.

Very little pre-flood data on a whole fish basis were available for compari-
son (Johnson el al 1977). However, it does not appear that any human health
hazard due to pesticide levels exists in this portion of the Snake River.

The Teton Dam was located in southeastern Idaho, on the Teton River, a
tributary of the Upper Snake River. The Bureau of Reclamation began construc-
tion of the dam in 1972 and it was completed in the spring of 1976. On June 5,
1976, while the Bureau was filling the Teton Reservoir, the dam broke and
released 29.6 billion cubic meters of water.

The flooded portion of the Upper Snake River Valley is an agricultural area,
primarily producing potatoes, small grains, beef, dairy cattle, and sugar beets
(Merrell and Onstott 1965). Numerous pesticides, fertilizers, and other chemicals
are used in the production of these crops. At least, three commercial facilities

= 0090-4341/79/0008-0139 S04.20
© 1979 Springer-Verlag New York Inc.
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containing pesticides were damaged by the flood, and many farm storehouses
were also affected. No reliable estimate is available concerning the amount of
materials lost from private storage. Nevertheless, the minimum quantities of
some of the lost commercial materials is known. For example, 2,000 pounds of
granular Di-Syston*1 and 200 gallons of liquid Furadan*1 were known to be losl.
Unknown quantities of DDT, PCBs, GuthionV DinitroV 2,4-D, Thimei5.4

Systo.x.-/ and Malathion7 were also lost.
The flood transported much of this material, broke the containers, and

dispersed the pesticides over 240 km of the Snake River between St. Anthony
and .American Falls. The flood also deposited containers of toxicants over the 777
square kilometer flood plain. With time, the containers will break or rust out and
more pesticides are likely to be released into the Snake River ecosystem.

A committee was formed in August, 1976 to evaluate the pesticide problems
resulting from the Teton Flood. They recommended a survey to locate, recover,
and dispose of hazardous material deposited by the flood. The initial survey in
August. 1976 located 113 containers. Follow-up work from September 28th
through October 13th located an additional 1104 containers. The area covered
extended from St. Anthony to Menan Buttes, which was the area where the
greatest deposition of the flood occurred. This is an area of 205 km- (64 km by 3.2
km).

It was estimated that less than 60% of the containers were found. The rest are
buried in debris piles or under the river bottom. They will break and release their
toxic contents whenever they rust through or are disturbed.

The second function of the committee was to monitor the Snake River in the
flood affected area. The purpose was to determine the possible existence and
extent of a human health hazard resulting from the pesticides released to the
environment. The study was designed as a short-term, largescale monitoring
effort. The results of this initial sampling were to show whether or not future
monitoring was needed.

Methods and Materials

AD staples were collected during September and October, 1976 from 13 stations along the river
i Table 1). A map of the Upper Snake River Basin showing the location of the sample stations is
presided in Figure 1. Sediments were collected from the top 3-4 cm of soil at each site. Plankton and
drift were collected with a 13 cm diameter plankton net which has a mesh of 153 M- Plankton samples
were uken with a plankton tow representing 1000 L. of water. Stream drift samples represent 55 L. of
water. AH samples were placed in hexane-rinsed jars, covered with a aluminum foD and capped. Fish
and tvds were collected by the Idaho Department of Fish and Game. Birds were shot at or near each

1 E>i-5>iion •: 0.0-Diethyl S-(2-(e(hylthio>ethyl] phosphorodithioale
-' FuriJan*: 2.3-Dihydro-2.2-dimethyl-7-benzofuranyl methylcarbamate
1 G'J'-hion*: 0.0-Dimethyl S-{(4-oxo-1.2.3-benzolriazin-3<4H)-yl) methyl) phosphorodilhioale
4 Diruut)*: 2-sec-butyl-4.6-dinitrophenol
1 Trumet*: 0.0-Diethyl S-{(ethylthio)methyl) phosphorodithioale
* S> >TO\»: mixture of 0,0-Diethyl 0-{2-(ethylthio)ethyll phosphorothioate and 0.0-Diethyl S-{2-<ethyl-
thJo*-Ji\l] pbosphorothioate
: MjJaihion: 0.0-Dimethyl S-(1.2-dicarbeihoxyethyl) phosphorodithioale

Pesticide and PCB Re
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TETON DAM<

13
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IDA WYO

Fig. 1. Mip of Upper Snake River basin showing the Teton Dam and the location of pesticide
iimplicg stations. August-September, 1976

Jesiznaed station. Fish were collected with dynamite, hook and line, gill net, seine, or electro-fishing
c;&r. AJ1 f.ih and bird samples were immediately wrapped in hexane-washed aluminum foil and placed
en ice. The frozen samples were then shipped to the laboratory.

\Va:er samples from thirty-two domestic wells near Rexburg and Sugar City were analyzed for
pesticides. These wells were close to areas where pesticides were known to be lost. All water samples
*ere liken by running the water for five minutes to clear the line, then filling a 3.7 L. hexane-washed

combiner. A list of the specific wells tested is available from the author.

Lzboraon. Mriliods

Alj fish simples were analyzed on the basis of whole animal, wet weight. Chlorinated hydrocarbons
were extracted by the Mills. Onley. Gaither technique (Thompson 1976). The pesticides were
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Table 1. Locations of sampling stations from the Snake River Pesticide Monitoring Program.
August-September, 1976

Station no. Station location ]

] Snake River at Neeley. River Kilometer 1136.
2 Forebay of American Falls Reservoir, River Kilometer 1142.4.
3 Lower American Falls Reservoir near Aberdeen and near the "Big

Hole." River Kilometer 1158.4. ;
4 Lower Portneuf River; joins Snake River at River Kilometer 1 184.

Station at River Kilometer 11.2 on Ponneuf. •
5 Clear Creek, enters Portneuf River at River Kilometer 3. 2. Station at ;

River Kilometer 3.2 on Clear.Creek. i
6 Spring Creek — River Kilometer 1 .6. Spring Creek enters the Snake at >

River Kilometer 1187.2. ;
7 Big Jimmy Creek, River Kilometer 0.8; joins Spring Creek at River

Kilometer 2.4. . '
8 Confluence of Snake River and American Falls Reservoir. River Kilo- •

meter 1 196.8. 1
8 fa-p) Special stations at the head of American Falls Reservoir. Seven sta-

jg- tions, each 100 m. apart, in an arc from NW to SE.
• 9 Snake River at Tilden Bridge, River Kilometer 1201.6.
9 10 Snake River at Blackfoot. River Kilometer 1216.
• 1 1 Snake River at Shelley, River Kilometer 1254.4.
9 12 Snake River at Roberts. River Kilometer 1308.8. •
9 13 Snake River near Rexburg. 3.2 km above Bannock Jim Slough. River
• Kilometer 1337.6.

• analyzed by electron capture gas chromatography with two column confirmation. Organophosphates
• were analyzed by gas chromatography with a flame detector in both the sulphur and phosphorus
3 modes. This served for both confirmation and quantification. Further confirmation was done with
• partition coefficients. Descriptions of all methods used may be found in the EPA Manual of Analytical
9 Methods (Thompson 1976).

,_ - Laboratory Quality Control

9 Three samples of tissue with known pesticide contents were sent to each lab as "check samples."
9 These samples were part of a group supplied by EPA Laboratories, Research Triangle Park, North
a9 Carolina. Laboratories which routinely panicipate in the check sample program should achieve an

i
]• Table 2. Performance of contract laboratories on quality control samples. Laboratories
9 which use this service routinely perform in the range of ±25%
9 Laboratory
flBIB ———— - —— — ——————————————————————————— - ——
• W.A.R.F. Intermountain
rflsa
rj Mean Error Range Mean Error Range
9 -18% ±0to±50% ±10% ±0to = 21.5%
B ———— . ———————— —————————————————————————————————
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..•c.rj.-v of = 25'4 (Jack Thompson. EPA Laboratories Division: personal communication of Joe
G-ir.ci. Idaho Department of Health and Welfare Laboratories Division. 1976). The laboratories
i> h;ch participated in this study performed within thai range (Table 2).

Results

The following 13 toxicants were identified from the Snake River system samples:

pp'DDT polychlorobiphenyls (as Aroclor* 1254)
op'DOT benzenehexachloride (BHC)
pp'DDD heptachlor epoxide
pp'DDE hexachlorobenzene (HCB)

dieldrin
lindane
carbaryl
aldrin
2.4-D

Total DDT1 and analogs, dieldrin11, and PCBs3 are tabulated in Table 3. Other
contaminants were present in very low levels (Table 4).

'PUS
ith

orth
i an

\\'ell Waters

Thiny-two wells ranging from 4.2 meters to 91 meters deep were tested. Some
were old wells and some were drilled after the flood. Some showed no fecal
coliform bacterial contamination after the flood, and some were contaminated up
to three months after the flood. Fecal coliform concentration should have
indicated contamination by flood water.

Concentrations of chlorinated hydrocarbon pesticides and PCBs were less
than ten ng/L in all well waters.

Discussion

DDT and Analogs

Waters from the Teton flood were sediment laden and highly turbid. DDT readily
absorbs onto the surface of these sediment particles, and under these conditions,
any DDT-type materials would be rapidly dispersed throughout the system
(Hamelink and Waybrant 1976), while DDT levels in the waters would have been
nearly undetectable. Pesticide levels in sediments would also have been low or
undetectable. However, fishes may have concentrated the pesticides from the

' Toul DDT I[I.l-dichloro-2.2-bis(p-chlorophenyl)ethane] + [l,l-dichloro-2.2-bis<p-chIoro-
phen\l>ethvlene] + (l.l-dichloro-2-<p-chlorophenyl)-2-(o-chlorophenyl)ethy!ene] + (l.l.l-trichloro-
?.?-bi si p-choropheny I tethane] + [ 1.1. l-trichloro-2-(p-chloropheny I >-2-(0-chlorophenyl tethane]
- Dieldrin f.2.3.4.10.IQ^hexachloro-6.7-<poxy-l.4.4a,5,6,7.8.8a. ociahydro-f/i<fo-1.4-r.Yo-5.8-dimelh-
anonaphthalene
: PCB polychlorobiphenyls
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Tublc 3. Sl.ilislii.-al summary of pesticide residue levels in the Snake River ecosystem. Samples were taken following the collapse of llic Tcton l>am

All values as ^tg/kg wet weight (parts per billion)

Station Sample type

Dicldrin Aroclor* 1254 (PCB)Total DOT and analogs

Mean N SD Range Mean N SD Range Mean N SD Range

1. Snake River at Utah Sucker
Neely C. anlfns 139 6 97 25-255 <5 6 0 213 6 172 < 10-410

2. ForcbayofAm. Rainbow trout
Falls Res. .1. gairJneri 205 6 105 108-370. 10 13 4 4-17 ISO 13 150 7-590

3. Lower
American Falls
Res. Rainbow trout

Utah suckers

Plankton

Mallard duck
A. plaiyrliynchot

Gadwell
A. strtpera

Canada goose

White pelican
/'. erytlin>rlivm-liit.i

179 6 124 96-412 10 6 10 2-12 140 6 190

370 12 274 55-825 10 12 10

19 3 8 14-28 <l 3 0

122 2 35 98-147 <l 2 0

<l 1 <10

6 1 <l 1 <IO

1672 2 493 1324-2021 150 2 20

7-510

3-32 '180 12 180 <IO-5IO

4-8

91 2 64 45-135

137-167 280 2 60 240-320

Scdimcn"
4. Lower Hortncuf

River Ruinbow trout

<20 3 0 <IO 3 0

Ulnh xuckcr*
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4. l,ower IVrlncuf
River R:iinb»w trout

Utah suckers

Strciun drift

Sediments

5. Clear Creek Utah suckers

Whitefish
P. ii-illinmsanl

Sediments

6. Spring Creek Utah suckers

Whilcfuh

Sediments

7. Dig Jimmy Rainbow trout
Creek hatchery

wild

Utah sucker*

Sediments

&

OU

206

274

9

<20

578

221

<20

216

286

<20

243

187

478

<20

3

6

6

3

3

6

6

3

6

6

6

3

3

6

3

IsWKu!n
(I <\() 3 0 -.10 3 I) Kt\

r$\IP
b*

163 35-530 5 6 1 5-7 360 6 350 69-1010 B&
KK1

232 62-606 <5 6 0 520 6 370 100-930 K$

' '" Pi
2 7-10 < l 3 0 4 3 0 E C !

——————————————————————————————————————————————————— Ifife
0 <5 3 0 <IO 3 0 Brf

206 239-800 <5 6 0 640 6 320 340-1030 |tt|
KUlf*

1112 113-395 <5 60 230 6 120 9I-3M) KSj

0 <5 3 0 <IO 3 0 E$
•nlKv

276 40-770 <5 6 0 220 6 360 40-940 to*
H&4. . . a i ^

493 50-1290 <5 6 0 40 6 40 15-110 ISC
BY

0 <5 3 0 <10 3 0 fi?
Dfl

147 204-295 <5 3 0 75 3 23 M-'M Kfrjwj
117 81-313 <5 30 138 3 237 45-310 !»

-- - , -rpVJLI
485 93-1420 <5 6 0 231 6 487 52-640 Sf

0 <5 3 0 <5 3 0 $
1*

E?
K

•••̂ BBBBIBHBî ^̂ BiBIBnBffiiil



S Table 3. Statistical summary of pesticide residue levels in Ihe Snake River ecosystem. Samples were taken following the collapse of the Tclon Dam (cont'd)

,, All values us /ig/kg wet weight (parts per billion)

Station Sample type

Total DOT and analogs

Mean N SD Range

Dieldrin

Mean N SO Range

Aroclor* I2.M (PCHI

Mean N SD Range

8. Confluence of
American Falls
and Snake River

Plankton

Milliard duck

GadwaJI

Baldpate
M. americana

Teal
A. discors

Sediments

8 1 <l 1

13 3 7 7-21 <l 3 0

<6 1

<6 1

<20

1 1

<5

<4 1

15 3 K OO-24

<10 1

<IO 1

<IO 3

fe

8a-g. Sediment
samples in an
arc across
head of
Reservoir Sediment* 9 21 4 5-27 <l 21 0 21

9. Snake River
lie-low
ItbtkfiMil Rainbow trout

Utah suckers

107 7 3 f t 09- IW - ;5 70 4H 7 27

3 U O 6 1 8 4 131-551 4 6 2 -7 255 (> 219

M-S4

71-l'Hl

Whitefish

10. Snake River nt Ulnh suckers
Black foot 578 6 324 269-1,28 ,0 6 ,0 <5-2, 4,0 780 M_R7n



Wliiu-IKh

" Sediinei\ls

10. Sn:ikc Kiver ;il Ululi Muckers
. Dkickrool

Whilcfish

Sediments

11. Snake River at
Shelley Utah suckers

Whitefish

Redside shiner
R. balltalns

Sediments

12. Snake River at Rainbow trout
Roberts

Cutthroat trout
5. flarkii

Utah suckers

WhilcfiNh

Yellow perch
/'. Jldvesi'ms

K.M

-.20

578

652

24

601

1224

1284

12

386

1531

284

9K8

591

<, W? U.| |U? 10 ., < S !•» M-. (, Ml

3 0 -5 3 0 • 5 .. ,.

d 324 269-1128 10 6 10 <5-2l 410 (. 280

4 221 450-924 10 4 10 7-20 730 4 410

2 0 < 5 2 0 < 5 2 0

6 121 406-720 10 6 3 <5-l3 480 6 650

5 969 193-1650 12 5 21 <5-30 610 5 410

6 329 1063-1897 10 6 10 6-35 770 , 6 230

6 9 4-22 3 6 1 1 - 5 2 0 6 2 0

9 403 145-1432 13 9 20 1-66 222 9 298

1 16 1 50 1

3 101 215-400 7 3 O.h 6-7 50 3 20

. 9 1 , 0 0 .

6 299 371-1174 30 6 20 11-69 140 6 140

14-870

150- MIX)

120-1800

110-1200

610-1200

4-54

I4-9W)

35 -<>H

44-420



Tnblf 3. Statistical summary of pesticide residue levels in the Snake River ecosystem. Samples were taken following the collapse of the Telon Dam (conl'd)

All values as fig/kg wet weight (parts per billion)

Station Sample type

Total DDT and analogs

Mean N SD Range

Dieldrin

Mean N SD Range

Aroclor* 1254 (PCB)

Mean N SD Range

Utah chubs
C. almria 424 6 132 263-555 30 6 10 9-43 140 6 140 23-150

Macrophytes
Cemiopliylliim sp. 25 21-28 10 3 10 5-19 <10

Mallard duck 78 17 52-89 10 4 10 5-25 <10

Baldpate 20 <5

Sediments 12 6-22

Ruddy duck
O. jamaicensls

Redhead duck
A. amtricana

Avocet
R. americana

50 1

25 1

307 I

<5 1

<5 1

31 1

<IO 1

<IO 1

<10 1

13. Snake River
near Re*burg

Cultliroul trout
613 6 279 295-918 6-11 368 5 135 230-410

Whilclish 405 8 96 241-510 10 H 10 <5-20 210 8 50 1. MI-290

20-26 .10

Sediment* 48 3 22 24-68 <l 3 0 <4

Xn
•2*
£•i
m
S
X
5.'

i

vffl
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T,hlt 4. Concentrations of pesticides other than DOT and Dieldrin in the Snake River ecosystem

I
-3
t>

C/5

?;-:;cide Species of group

HCB Rainbow trout

Cutthroat trout

Utah suckers

Mountain whitefish

Yellow perch

Utah chubs

Number
tested

17

5

32

18

6

6

Percentage of Pesticide concentration
samples over (jig/kg)
detectable ———————————————
limits Mean S.D. Range

0% <5

0% <5

0% <5

0% <5

0% <5

0% <5

Redside shiner

Plankton

Stream drift

Microphytes
(Ceratophyltum)

White pelicans

Other waterfowl' 8 0% <5

Sediments

HecLichlor Epoxide* Rainbow trout

Cutthroat trout

Utah suckers

Mountain whitefish

11

1

6

3

100% 7.4 14.6 1-51

100% 32

33% 3.0 3.3 <l-9

100% 19.3 18.9 6-41

Yellow perch

Utah chubs

Redside shiner

Plankton

Stream drift
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Table 4.

Pesticide

BHC5

BHC

Concentrations of pesticides other than DOT and

Species of group

Macrophytes
(Ceratophyllum)

White pelicans

Other waterfowls*

Sediments

Rainbow trout

Cutthroat trout

Utah suckers

Mountain whitefish

Yellow perch

Utah chubs

Redside shiner

Number
tested

2

10

26

5

36

28

6

6

5

J.A. Perry !

Dieldrin in the Snake Rner ecosystem (conl'd)

Percentage of Pesticide concentration
samples over (/ic kgi
detectable ——————————— - —— - '.
limits Mean S.D. Range "

100% 51.5 54.4 13-90

60% 1.4 0.5 <l-2

58% 10.9 7.6 <5-36 •

80% 8.2 2.0 <5-10

44% 9.3 8.7 <5-47

64% 30.8 47.7 <5-170

50% 5.8 1.0 <5-7 ;

50% 11.7 10.1 <5-22

100% 17.4 4.9 12-25 \

Plankton

Stream drift !

Macrophytes
(Ctratophyllum)

White pelicans

Other waterfowl* 8 0% <5

Sediments \

Undane* Rainbow trout

Cutthroat trout

Utah suckers

Mountain whitefish

" Yellow perch

25

5

33

19

6

0% <5 ;

0% <5 i

0% <5

16% 5.5 1.2 <5-9

0% <5 j

.- , *.

Pc>ticide and PC

I jhlr 4. Concenlriiti

I'.-MiaJe

:.4.D»

Cartwryl'.
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I jhlr 4. Concentrations of pesticides olher than DOT and Dieldrin in the Snake River ecosystemlcont'dl

5-TO

<5-9

Cirbar>l*

Species of group
Number
tested

Percentage of Pesticide concentration
samples o\er (M&kg)
delectable ——— - ———————————
limits Mean S.D. Ranee

Utah chubs

Redside shiner

Plankton

Stream drift

Macrophytes
(Ceratophyllum)

White pelicans

Other waterfowl*

Mountain whitefish

Yellow perch

Utah chubs

Redside shiner

Plankton

Stream drift

Macrophytes
(Ceratophyllum)

White pelicans

Other waterfowl*

Sediments

Rainbow trout 11

<5

<5

Sediments

: -D Rainbow trout

Cunhroat trout

Utah suckers

11 99£

1 100*

9 0%

1.4 1.5 <l-6

1

<! '

<1

6 1.7 <5-8

SO <SO-50
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TaM* 4. Concentrations of pesticides olher than DOT and Dieldrin in the Snake River ecosystem (cont'd)

Orpoiophosphates

Species of group

Percentage of Pesticide concentration
samples over (Mgkgl

Number detectable —————————————
tested limits Mean S.D. Range

Cutthroat trout 100% 110

Utah suckers 11% 35 22 <5-50

Mountain whitefish <5

Yellow perch

Utah chubs

Redside shiner

Plankton

Stream drift

Macrophytes
(Ceratophyllum)

White pelicans

Other waterfowl* 100% 225 96 100-300

Sediments

Rainbow trout 11 0%

Cutthroat trout

Utah suckers 0%

Mountain whitefish

Yellow perch

Utah chubs

Redside shiner

Plankton

Stream drift

Macrophytes
ICeraphyllum)

uriuV and PCI

l.ihli-4. Concentralii"

HCB: hexachlorober
Hcpcichlor epoxidt
BHC: l.2.3.4J,6-he>
l.indane: gamma iso:
2.4-D: 2,4-dichloroph
Carbaryl: l-naphth>l

Other Waterfowl" i
Blue-Winged teal. I C;

system (Warle
concentraied 1
Waybrant 1976

Levels of I
detected in mo:
into their tissu<
200 Mg/kg. The
fish population
(Hogan and Br
and increased i
nants. Trout wt
These fish wo1

Hamelink and '
rainbow trout
Within 108 day:
concentration c
samples were i
rainbow trout w
kg. No data ar
before they w
(P<0.05) higher
same area (Tab

Two adjacei
differences in I
Jimmy Creek, 5

1 DDE: i.i-dichlor
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I jhlr 4. Concentrations of pesticides other than DDT and Dieldrin in the Snake River ecosystem (com'd)

Percentage of Pesticide concentration
samples over (fig/kg)

Number detectable —————————————
3r-::;:di Species of group tested limits Mean S.D. Range

White pelicans

Other waterfowl' 4 0%

Sediments

HCB: hexachlorobenzene.
H;F-.a:h]or epoxide: 1,4.5,6.7.8 heptachlor.2,3.-«poxy.3a.4,7,7a, letrahydro,4,7 methanoindan.
BHC: 1.2.3,4,5.6-hexachlorocyclohexane.
Undine: gamma isomer of hexachlorocyclohexane.
2.4-0: -.-)-dich)orophenoxyacetic acid.
Cirbir.l: 1-naphthyl methyl carbamate.

Other Waterfowl" includes 9 Mallard ducks. 2 Gadwalls, 2 Baldpates, I Ruddy duck, 1 Redhead duck,
.-j-\\lnged teal, 1 Canada goose, and I Avocet.

system (Warlen 1974; Warlen and Wolfe 1976). DDE1 has been shown to be
concentrated 110,000 times from water into fish tissues (Bluegills) (Hamelink and
Waybrant 1976).

Levels of DDT and analogs in Snake River sediments were too low to be
deiected in most samples. Fishes from the Snake River have concentrated DDT
into their tissues (Figure 2). Concentrations were high in rainbow trout; about
200 Mg'kg. Theoretically, these levels were high enough to be detrimental to the
fish population; 90 Atg/kg in trout eggs resulted in 75% mortality over 75 days
(Hogan and Brauhn 1975). DDT levels in suckers and whitefish were still higher
and increased upstream; i.e., toward the source of most flood-related contami-
nants. Trout were planted in the streams on the Fort Hall bottoms after the flood.
These fish would not have been exposed to the contaminated flood waters.
HamelJnk and Waybrant (1976) reported on a similar situation. They introduced
rainbow trout into their system 134 days after introduction of the pesticide.
Within 108 days, the trout had flesh levels of DDT of 180 MS^g. «ven though the
concentration of DDT in the water was only 0.001 /j/L. These Snake River
samples were taken 115 days, after the flood and mean DDT levels in wild
rainbow trout were 187 Mg/kg- Mean concentrations in hatchery fish were 243 fig/
kg. No data are available on the pesticide concentration of the hatchery fish
before they were planted. However, hatchery-raised fish had significantly
(P<0.05) higher DDT and PCB levels in their flesh than did wild trout from the
same area (Table 3, Station 7).

Two adjacent streams at the head of American Falls Reservoir show puzzling
differences in DDE/DDT concentrations. Spring Creek and its tributary (Big
Jimmy Creek, Stations 6 and 7) drain part of the Fort Hall bottoms. Clear Creek

: DDE: 1.l-dichloroethen) lidene bis (4-chk>robenzene)

••y-.fi-*-a
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Fig. 2. Mean total DOT concentrations in fish and sediments from the Snake River three months
after the Teton Dam collapse, 1976

(Station 5), a tributary of the Portneuf River, also drains part of the bottoms.
Suckers and whitefish from the Spring Creek drainage are low in DDE/DDT
proportions (24-34% DDE). Suckers and whitefish from the lower Portneuf
drainage are higher in DDE/DDT concentrations (54-63% DDE). This indicates a
difference in the source of contamination or in the food habits of the fishes in the
two adjacent watersheds and it is not known where the differences arise.

Two groups of samples showed DDT levels where the DDE portion was
abnormally high: redside shiners had DDE levels which averaged 92% of the
total DDT. Similarly, the one avocet that was collected had DDE levels which
represented 94% of the total DDT. These levels probably reflect specific food
habits or metabolic differences.

PCBs (as Aroclor* 1254)

PCB is quite insoluble in water (Schoor 1974) and any of this material encoun-
tered by the flood would have been adsorbed onto sediment panicles or would
haveieen deposited in the sediments immediately (Nisbet & Sarofim 1972: as
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750
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D Rocky Mountain Whitefish
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• Rainbow Trout
O Sediments

6 8
Station

10 12

Fiz. 3. Mean PCB concentrations as Aroclor* 1254 in fish and sediments from the Snake River
•_v_r;s months after the Teton Dam collapse, 1976.

quoted by Dennis (1976) p. 193). Therefore, the distribution of PCBs in the Snake
River should be highly localized.

Nebeker (1976) reports that 5 jig/L of PCBs in water are toxic to small fish,
insects, and crustaceans. PCBs were generally undetectable in the Snake River
water column, but PCBs in fishes of the Snake River were high; up to 1800 /ig/kg
(Table 3, Figure 3). Whitefish and suckers have concentrated the contaminant
most efficiently.

In Lake Ontario, PCB levels were high enough to be of concern (Haile et al.
1915). The mean level of PCBs in the water was 0.055 M8/L- The ratio of PCB to
Total DDT was 7.0 for sediments, 5.3 for Benthos, and 2.6 for all other samples
(Haile et al. 1975). In the Snake River, PCB to DDT ratios were between 0.00
and 2.00, with most samples having ratios approaching 1.00. With one exception,
iuckers, whitefish, and trout, had similar ratios at a given station. Spring Creek
on the Fort Hall Bottoms was unlike other stations in this regard; its sucker PCB/
DDT ratios averaged 1.02, while the whitefish average ratio was 0.14. This
indicates that, in this case, the whitefish concentrated the DDT to a greater
degree, or the PCBs to a lesser degree than did the suckers. Nearly all other
PCB.'DDT ratios from this study were less than 1.00; however, the lower
Portneuf River had ratios of 1.11 for suckers, and 1.04 for whitefish. The
increased PCB levels at this station were probably due to the industrialization of
the lower Portneuf River flood plain.
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Other Pesticides

J.A. Perry

Hexachlorobenzene (HCB) was undetectable in all samples. Lindane (the
gamma isomer of HCB) was detectable in only one of 102 samples. Benzene
hexachloride (BHC) was usually just over the detectable limil: 2,4-D was nearly
always undetectable, and the organophosphates were never delectable. Heptach-
lor epoxide was nearly always over the detectable limit, being most concentrated
in pelicans, whitefish, and the one cutthroat trout; i.e.. organisms higher in the
food web. Heptachlor epoxide never approached the PDA tolerance limit in the
samples from the Snake River system. •

Carbaryl was below the detection limit in all but the waterfowl samples and
the one cutthroat trout. The four birds containing carbaryl were three mallard
ducks and a Canada goose. The duck levels were all near the PDA tolerance limit
of 300 fig/kg.

Distribution of Pesticides along the Snake River

Several areas of the Snake River have pesticide residue levels unlike the rest of
the river. The head of American Falls Reservoir would be expected to have had
high residue immediately after the flood due to the deposition of sediment from
the Snake River. The Snake River near Rexburg would be expected to have high
levels of pesticides stemming from materials lost in the flood. The Fort Hall
Bottoms, an isolated area of little development, but extensive posl-Teton flood-
ing, would be expected to have lower levels of pesticide residues.

The results were not as expected. Sediment samples from the head of
American Falls Reservoir (Station 8) were uniformly low in pesticides. Pesticide
residue levels were no higher near Rexburg than they were in the rest of the river.
The Fort Hall Bottoms generally had higher residue levels than the industrialized
Portneuf River. This phenomenon is probably due to the Teton Flood or to
agricultural impacts in the bench land above the Fort Hall Bottoms. The area
near Blackfoot (Stations 9-11) showed the highest residue levels, probably due
to irrigation return flows entering the river in this area.

Comparisons with previous American Falls Reservoir data

Johnson et al. (1977) reported on pesticide residue levels in American Falls
Reservoir. Their data were collected before the Teton flood, and were collected
on whole fish of 1 to 10 grams. Some data were also collected on flesh levels of
pesticides in older fish. Post-flood data from this study were collected on the
basis of whole fish, for fish over four years old. Johnson et al. (1977) discuss the
differences in DDD/DDE levels attributable to steroid metabolism in these fishes.
These differences in metabolism and sample type make it impossible to compare
the pre-flood and post-flood data.

Human Health Implications of Findings

Proposed tolerances for several contaminants and levels detected in this study
are presented in Table 6.

Pesticide and PCP

Table 5. Organoch
Johnson el. al. (19

Pesticide residues i
^ — — —.
Species
— — — .

L'tah sucker

Yello

L'lah chub

There is ap
nants with who
(Table 5). Flesf
as well as conta
health based 01
tolerances, hov,
humans.

Table 6. Proposed
Snake River. Note i
5}

Proposed human he
(Wet weight in flesi

Utah sucker
Rainbow trout
Cutthroat trout
Whitefish
YeDow perch
Utah chubs
Redside shiner
Mallard duck
Gadwafl
BaJdpaie
Teal
Ruddy duck
Redhead
Canada goose
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Table 5. Organochlorine residues from American Falls Reservoir fish. 1975. Table summarized from
;. 'hn>onet. al. (1977)

Raticide residues <^g/Vg wet weight)

5^ie»

l-.ith sucker

Yellow perch

L uh chub

— whole fish
—flesh

— whole fish
—flesh

— whole fish
—flesh

ODD

51.6
187.4

42!9
5.7

29.6
37.6

DDE

68.7
28.4

50.7
14.7

51.0
65.4

Dieldrin PCB

ND 671.7

34.4 ND

ND ND

There is apparently no meaningful way to compare flesh levels of contami-
nants with whole fish levels. Johnson et al. (1977) presented data on both bases
i Table 5). Flesh residue levels compared to whole fish levels varied with species
as well as contaminant. However, there does not appear to be a hazard to human
health based on these data. The PCB and DOT levels do approach the PDA
tolerances, however, and increases above the tolerances would imply a hazard to
humans.

Table 6. Proposed human health tolerance for several contaminants and residue levels from the
Snake River. Note that tolerances are flesh basis and Snake River data are whole fish basis (see Table

_1 J 1 » 1 1 .

:<: or to :
. -• area

due

^

zas Falls
co'Jected

: ievtls of
j »i»^cc on the

iscuis the
•t>e f.ihes.
: compare

•.his study

Proposed human health tolerance
i \Vet weight in flesh)

1" tan sucker
Rainbow trout
Cutthroat trout
\\~rutefish
Yellow perch
L'lah chubs
Redside shiner
Mallard duck
GadwaO
Bald pate
Teal
Ruddy duck
Redhead
Canada goose

Total DOT
(PSftl)

2.000

Range of mean
(in wet weight

139-601
107-386
613-1531
221-1224

591
424

1284
13-122
6-7

< 10-20
<6
50
25
6

PCB
<Mg*g>

2.000

levels from each station
of whole animal)

50-6*0
78-360
50-368
40-730

140
140
770

<10-91
<IO
<10
<10
<10
<10
<10

Dieldrin
(Mgfcg)

300

4-10
<5-13

9-16
<5-12

30
30
10

<1
<l

<l-<5
1

<5
<5
<1
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Fish and Wildlife Implications of Findings

Fish and wildlife toxicity levels of pesticides are commonly expressed as ng/L in
the water column. Pesticides were generally undetectable in Snake River waters.
However, pesticide concentrations in the flesh of fishes, birds, or mammals ofien
indicate contamination of the system and may show that biomagnification is
occurring. Organochlorine concentrations over 500 MS'kg in any species of
wildlife clearly pose a threat to specific species as well as the entire ecosystem
(Dr. C. Trost, Department of Biology, Idaho State University, personal commu-
nication, August 1977). On that basis, all seven species of fishes from the Upper
Snake River are in danger. The elevated organochlorine levels indicate that
sublethal effects are being felt by the fauna. These effects will progressively
increase and may endanger the entire ecosystem.

Summary and Conclusions

The data from this study show that fishes from the Upper Snake River have
concentrated DDT and its analogs into their bodies. The mean total DDT levels
in rainbow trout were about 200 pgfkg. Total DDT levels for suckers and
whitefish at the various stations ranged from 25 to 1420 M£/kg w«t weight for
suckers and 50 to 2650 Mg/kg for whitefish. The PDA proposed human tolerance
level of total DDT in fish flesh is 2,000 jig/kg.

PCB levels in trout, suckers, and whitefish from the Snake River came very
close to the proposed PDA tolerance of 2,000 /i/kg wet weight in fish flesh for
human consumption.

Samples from the upper river, i.e., near the Teton Dam, generally had higher
pesticide residues than the lower river. River fauna from the Snake River near
Blackfoot and Shelley had the highest pesticide residues. No marked increases
were noted in areas of high sediment deposition, such as the head of American
Falls Reservoir. These areas were expected to show high levels because of the
sediment adsorption property of most pesticides. The undeveloped Fort Hall
Bottoms had higher organochlorine residues than did the lower Portneuf River,
an industrialized area.

Due to differences in the sample type sent for analysis, i.e., old vs. young
fish, and whole fish vs. edible flesh, comparisons with previous data from the
same area are not available. No apparent hazard to human health was detected
based on this sampling program. PCB levels in the fishes may be hazardous to
humans if they show significant increases above the present levels. Snake River
fishes had PCB levels as high as 1800 M8/kg and the FDA tolerance limit is 2,000
/zg/kg. Therefore, the fishes of the system should be monitored in order to guard
against undetected hazard. A potential does exist for diminishing the fauna and'
or biomagnification of pesticides. A monitoring program should also address this
aspect.
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PCB Episode Could Happen Again,
NRC Committee Warns EPA

The Environmental Protection Agency
has toxic substance control regulations
that are inadequate to prevent certain
potentially hazardous chemicals from
being introduced to the marketplace, the
National Research Council reported this
summer. The Committee on the Assess-
ment of Polychlor inated Biphen>ls
(PCBs) in the Environment, chaired by
Alfred M. Beeton of the University of
Michigan, concluded that the agency's
two principal testing schemes—designed
in accordance with the Toxic Substances
Control Act (TSCA) and the Federal In-
secticide. Fungicide, and Rodenticide
Act (F1FRA). respectively—would not
d~*-ct most of the long-term, chronic

.h hazards now known to be associ-
ated with nonoccupational exposure to
PCBs. This confirmed to them what
many have already feared: that a host of
chemical time bombs may have been al-
low-ed on the market in accordance with
the regulatory standards of the day. only
to be revealed 20 or 25 years later to
cause serious diseases in people sub-
jected to low-dose, long-term exposure.

The NRC committee evaluated con-
trols for PCBs. even though their sale
and distribution have been banned as of
1 July, as a model for the mechanism
now used 10 evaluate potential health
hazards of other chemicals. NRC was in-
terested in recommending ways EPA
~->uld avert in the future the unamici-

,ed persistence of hazardous chemi-
cals in the environment. They chose this
broad course rather than the easier way
of writing "yet another extensive review
of the fate of PCBs and the risks to health
associated with them."

The Beeton committee recommended
that EPA pay especially close atten-
tion to new chemicals with two charac-
teristics that make PCBs and chemicals
like them especially troublesome: a
demonstrated tendency to accumulate in
fatty tissue (lipophilia) and a tendency
to persist in the environment. These
two indicators, the committee said, are
"perhaps the most important properties
of a chemical that relate to potential
hazards to health and the environment."
They signal the "inevitability -of en-
vironmental contamination and health
problems" that would result from the ap-
proval, marketing, and widespread use
of the compound under review. When
they appear, the committee said, a red
flag should spring up in the regulators'

minds, and more intensive toxicity tests
should be conducted. The accompanying
chart, reproduced from the report,
shows the "evaluation scheme" pro-
posed by the NRC.

The correct choice of animal species
for such tests was another matter ad-
dressed by the Beeton committee. The
TSCA and F1FRA regulations currently
proposed require one rodent plus one
other mammal to be used in toxicity test-
ing, but these animals' responses, said
the committee, are rarely "typical" of
the responses of. humans. The group
pointed out that the common laboratory
animals (rats and dogs) show only mini-
mal liver and reproductive changes after
PCB exposure. The other possible spe-
cies that could be used (mouse, monkey,
chicken, mink, pelican, wildfowl, and
aquatic species) also differ from humans

in their response to PCBs and prohabh
to other toxic chemicals as v»ell. In addi-
tion, these animals usually are used to
detect "gross intoxication" o n l v .
"Subtle effects." the committee said.
"are not considered at all in the scheme
proposed for TSCA and only peripheral-
ly in those drafted by F1FRA."

To supplement the evaluation scheme
proposed in the chart, the committee al-
so urged EPA to assess a new chemical's
movement through the environment as
another measure of its "hazard poten-
tial." The group said the agenc\ should
insist on "identification of 'problem
areas' or sites of potential chemical ac-
cumulation (e.g.. agricultural lands, ur-
ban areas, marine or freshwater sources,
or combinations of these): land) specifi-
cation of tests to assess toxic effects
within the 'problem areas.' especially
measures of reproductive alterations,
pathological effects, and behavioral and
learning impairments."

—R.M.H.
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Polychlorinated Terphenyls in the Environment
by

J. FRECDENTHAL and P. A. GREVE
Laboratory for Toiicolof?

Motional Institute o/ Public Health
L'trecht (The \etherlandsi

The presence of polychlorinated biphenyls (PCB's) in the
environment has frequently been reported in the literature. Good
review papers on this subject are available (see e.g. 1, 2).

Besides the PCB's a group of analogous substances is
being produced for tens of years: the polychlorinated terphenyls
(PCT's). The PCT's are in use for similar applications as the PCB's.
Because of the analogy between the two groups of substances one
might expect that the PCT's also accumulate in biological systems.
In two recent publications the presence of FCT in eggs, fatty
tissue of herring gulls (Lams argentatus) and tissues of cod
(Gadus morhua) has been reported (3, 4). These investigations were
carried out with gas chromatographlc techniques.

The objective of the present research is to investigate
several different samples on the presence of FCT. The number of
samples was not such that the figures are representative from a
statistical point of view.

The samples were: water of the Rhine river (mixture of
samples of the water), oysters, eel and human fat. In the samples
the amounts of PCB's were also determined for comparison purposes.

Experimental

Extraction and clean-up
The samples were extracted with n.hexane. The extracts

were cleaned by column chromatography, either on alumina (5) or
Florlsll (6). The eel extracts contained much oily residue and
were cleaned 6ver both Florlsll and alumina.
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Method of analysis

The analysis of PCT was carried out with a combination
of a mass spectrometer (Varian Mat CH 5) and a gas chromatograph
(Varlan 1?40) used In the mass fragmentography mode. Two m/e-
values were selected (m/e - 436 and m/e • 4?0) and from all samples
mass fragmentograms were taken on these m/e-values (aee Fig. 1 and
2).

«><?

b'nw

FIGURE 1
Mass fragmentogram on m/e - 436 of a standard of
the polychlorlnated terphenyl Clophen Harz (W)

.£
2-
i
1

V
FIGURE 2

Mass fragmentogram on m/e - 436 of a sample of oyster
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The gas chromatographic conditions were: column length
3". 1/8" O.D. (Pyrex), filled with 3* OV-17 on Varaport 30.
Temperature programming was used: 6°C/min., 200° —> 28p°C for
m/e - 436 and 8°C/mln., 200° —> 285°C for m/e - 470. The gas
chromatographic conditions for the PCB's were: same column,
temperature programming 4°C/min., 12?° —> 200°C for ra/e - 25>6;
6°C/min., 125° —> 200°C for m/e - 290. and 6°C/min.. 150° —>
250°C for ni/e - 324.

Results
The content of PCT was compared with the Clophen Harz

(W) standards. Since two fragmentogratns were made, we will give the
separate results of each mass fragmentogran (the figures of the
mass fragmentograms are of course averages too). The results are
represented in Table 1.

In all recent samples PCT was found. Two of the older
samples of human fat (1969) did not show PCT, while a third one
did contain PCT. The amounts are slightly lower than those of PCB
but of the same order of magnitude. The investigation on the
occurrence of PCT will be continued.

TABLE 1

sample PCT PCT PCT PCB
m/e • 436 ra/e - 470 average comparison

water of Rhine 0,08 ppb 0,05 PPb 0,07 ppb 0,08 ppb
river (1972)
oysters from 0,15 ppm 0,08 ppm 0,12 ppm 0,2 ppm
Oosterschelde
near lerseke
(197D
eel from Ussel- 0,5 ppm 0,2 ppm 0,4 ppm 4,7 ppm
meer (1971)
human fat (1969) not not - 0,5 ppo

observed observed
human fat (1969) 0,5 ppm 0,5 ppm 0,5 ppm 0,4 ppm

human fat (1969) not not - 1,0 ppm
observed observed

human fat (1972) 1 ppm 0,5 PP» 0,8 ppm 0,8 ppm

remarks

water
basis
tissue
basis

fat
basis
fat
basis
fat
basis
fat
basis
fat
basis

Reference;
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Presence of Organochlorine Pesticides,
Polychlorinated Biphenyls, and Mercury

in Spanish Human Milk Samples
G. Baluja. L M. Hernandez, Ma. J. Gonzalez. and Ma. C. Rico

Institute de Qufmica Organica, Juan de la Cierva. 3. Madrid-6. Spain

V<>..'

Organochlorine pesticide residues have been de-
tected in human milk in various countries, among these
are : England (EGAN et al. 1965), Belgium (HEYNDRICKX &
MAES 1969), Germany (ACKER & SCHULTE 1970), Russia
(GRACHEVA 1970), U.S.A. (DYMENT et al. 1971), Holland
(TUINSTRA 1971), Poland (KONTEK et al. 1971), Sweden
(WESTOO & NOREN 1972), Guatemala (WINTER et al. 1976),
and Canada (MES & DAVIES 1979). Polychlorinated biphenyls
have also detected in Germany (ACKER & SCHULTE 1970),
Sweden (WESTOO * NOREN 1972), U.S.A. (SAVAGE et al. 1977)
and Canada (MES & OAVIES 1979). Mercury was also detected
in Sweden (WESTOO 1973, PITKIN 1976) and Japan (HARADA
1968, WAKATSUKI 1973, FUJITA & TAKABAKATE 1977). The ob-
jective of the present study has been to investigate the
levels of Organochlorine pesticides, polychlorinated bi-
phenyls and mercury in whole breast milk of Spanish
mothers.

' MATERIALS AND METHODS

A total of twenty milk samples was collected du-
ring the period of April to July 1981 from lactating
mothers from Madrid (Spain) by manual extraction and
stored at -20°C until time of analysis.

For the analysis of Organochlorine compounds,
samples of whole breast milk (5g) were dispersed in an-
hydrous sodium sulfate and the mixture extracted with
hexane:acetone (40:60) in a Soxhlet apparatus for six h.

The REYNOLDS (1969) procedure was used to cleanup
the extract and to separate polychlorinated biphenyls
from most of the Organochlorine insecticides.

The Organochlorine residues were identified by
the conventional methods of EC-GLC. For quantitation a
mixture of 51 DC-200 and 7.SI QF-1 on 80-100 mesh Chro-
mosorb W HP was used; temperature parameters were: col-
umn 200*C, detector 210°C, injector 215°C; nitrogen flow
rate: 67 mL/min.

0007-4861/82/0028-0573 SOI.00
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Simultaneously, 10 g of whole breast milk were di-
gested with nitric and sulfuric acids and the mercury
quantitated by the method of reductive aeration with
stannous chloride and flameless atomic absorption spectro-
photometry (UTHE 1972).

RESULTS AND DISCUSSION

The data in Table 1, expressed in parts per mil-
lion, show the average residue levels, ranges, standard
deviation and percentage of samples with residues ~> 0.001
ug/g in whole breast milk samples collected in the period
of April to July of 1981.

Table 1. Organochlorine compounds and total mercury (ppm)
in the whole breast milk of Spanish mothers re-
siding in_Madri.d.

OCH
H. epox.
Dieldrin
pp'-DDE
pp'-TDE
pp'-DDT
PCBs
Hg

a)
Average
0.019
0.004
0.003
0.17
0.003
0.083
0.25
0.0095

Maximum
observed
0.043
0.014
0.014
0.25
0.008
0.15
0.32
0.019

Minimum
observed
0.001
0.000
0.000
0.052
0.000
0.027
0.19
0.0009

S.D.
0.012
0.004
0.002
0.062
0.002
0.038
0.038
O.OOS5

\ of samples
with residues
^ 0.001 pg/g

100
77
46
100
54

100
100
100

a' Averages are based on the number of samples with resi-
dues > 0,001 ug/g, except for mercury levels;
II. epox. - Heptachlor epoxide

All of the twenty samples analyzed showed measura-
ble quantities of f-HCH, pp'-DDE, pp'-DDT, polychlorinated
biphenyls and mercury. In addition, a large majority of
the samples showed detectable heptachlor epoxide, dieldrin
and pp'-TDE residues.

Although laboratory differences in methodology,
sample origin and collection time make direct comparisons
difficult, it can be noteworthy, however, to relate these
residue concentrations with others of the same nature stat-
ed in a previous publication (POZO et al. 1979). According
to those results, it may be assumed that in a period of
two years a decreasing concentration is observed in the
residue levels of «- and T-HCH, chlordane and heptachlor,
but an increase is noted in the accumulation of heptachlor
epoxide, dieldrin, pp'-DDE, pp'-TDE and pp'-DDT residues
(Table. 2).
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Therefore, the pesticide levels in whole human
nilk found in this study ranged from one fourth (y-HCH)
up to eight times more (total DUT) than the legal limits
for organochlorine compounds established by FAO/WHO
(1972) for the acceptable daily intake in human beings.

Table 2. Trends of organochlorine pesticides residues in
Spanish human milk.

ConDOund

Average pg/g whole milk
Year of publication
1979 1981

a -KCHr -HCH
Chlordane
Heptachlor
Heptachlor epoxide
Dieldrin
op '-DDE
t>p'-TDE
po'-DDT

0.001
0.040
0.0003
0.039
0.0003
0.0005
0.11
0.001
0.06S

0.001
0.019
ND

0.001
0.003
0.003
0.17
0.003
0.083

Studies on DDT levels in the newborn's blood sug-
gest that there may exit a correlation between high lev-
els of DDT in their blood and infant's health, and the
nother's milk is an important source of infant nutrition.

In Table 3, pp'-DDE, pp'-DDT (pesticides very fre-
quent in different studies) , total DDT and PCB levels in
whole human milk of various countries are given. The av-
erage content of total DDT in Spanish milk (0.25) is a-
bout the middle of the DDT range typically found in many
European and American countries. Data on polychlorinated
biphenyls are not so abundant as DDT, but those values
shown in Table 3 indicate that PCBs in Spanish milk are
higher than individual organochlorine pesticides and also
higher than PCB levels reported by other countries.

With regard to the mean of total mercury content
in Spanish breast milk (0.0095) it appears to be higher
than in Sweden, were WESTOO (1973) reported 0.00093 ppm
and PITKIN (1976) a range of 0.0008-0.0016 ppm. On the
other hand, mercury concentration in milk of healthy
mothers from the Minamata area of Japan was reported by
a mean of 0.063 ppm (HARADA 1968). However, WAKATSUKI
(1973) reported a range of O.SO-O.S4 ppm in breast milk
of mothers from an agricultural district of Japan but
FUJITA and TAKABAKATE (1977) have found a mean of 0.0036
(± 0.0022) ppm in the mother's milk sampled in two hos-
pitaJ.s of Tokyo.
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Table 3. Comparison of pp'-DDE,pp'-DDT, total DOT and
PCBs mean levels in whole human milk of various

* Year published; a - WINTER et al. (1976); b - KONTEK
et al. (1971); c - This study; d =• GRACHEVA (1970); e •
HEYN'DRICKX & MAES (1969); f > EGAN et al. (1965); g -
ACKER* SCHULTE (1970); h - DYMENT et al. (1971); i -
SAVAGE (1977); j - WESTOO (1972); k - TUINSTRA (1971);
1 - MES & DAVIES (1979).

REYN
countries ippmj .

Country

Guatemala
Poland
Spain
Russia
Belgium
England
Germany
USA
USA
Sweden
Holland
Canada

Year

1974
1971*
1981
1970*
1969*
1964
1970*
1971*
1977*
1972
1969
1975

PCBs

0.25

0.10

0,04
0.02

0.01

pp'-DDE

0.20
0.17
0.10
0.07
0.07
0.08
0.08

0.06
0.03
0.03

pp'-DDT

0.08
0.08
0.10
0.05
0.04
0.03
0.02

0.02
0.02
0.01

DDTtotal
0.38
0.28
0.25
0.20
0.12
0.12
0.11
0.11

0.08
0.05
0.04

Ref.

a
b
c -
d
e
f
£
h
i
jk
1

SAW
A

UTHE

WAK/
7

WCCTnco i
WEST
WINT

F
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Polychlorinated Biphenyl and Other Chlorinated
Hydrocarbon Residues in Adipose Tissue of Canadians

Jos Mes, David J. Davies. and Davida Turton

Department of National Health and Welfare, Health Protection Branch, Food
Directorate, Tunney's Pasture, Ottawa, Ontario K1A OL2 Canada

The presence of organochlorine (OC) pesticides in adipose tissue of
Canadians have earlier been reported by RITCEY et al. (1973) in the first
nation-wide survey. At approximately the same time different chlori-
nated environmental pollutants were reported in human adipose tissue,
such as hexachlorobenzene (HCB) (BRADY 1972), oxychlordane (BIROS
1973) and polychlorinated biphenyls (PCBs) (PESENDORFER 1973). This
led to a national survey by MES et al. (1977) on chlorinated hydrocarbon
residues in adipose tissue of Canadians, which incorporated these newly
reported residues.
The data reported in this paper are part of a continuing monitoring
program of chlorinated hydrocarbons in adipose tissue of Canadians in
order to determine a possible trend in both the disappearance of restric-
ted OC pesticides, such as p,p,-ODT, as well as the appearance of new
environmental contaminants, such as hexachloro-l,3-butadiene (HCBO)
(FISHBEIN 1979).

MATERIALS AND METHODS

Sampling

Human adipose tissues-were obtained during autopsies on accident vic-
tims. The fat samples were collected in glass jars, previously washed,
heated at 350°C and rinsed with residue free acetone and hexane and
supplied with teflon lined screw caps. Samples were immediately frozen
and kept frozen until analysed. A total of 99 samples was collected from
the following provinces: Prince Edward Island (4), Nova Scotia (6), Quebec
(39), Ontario (6), Manitoba (8), Saskatchewan (7), Alberta (8), British
Columbia (19) and Yukon (2).

Analytical Methods

All solvents were glass distilled and free of interfering residues. Stan-
dards were gifts from the Environmental Protection Agency (U.S.A.) and
98-100% pure. Florisil, silicic acid, Celite, anhydrous NazSQ* and glass-
wool were treated as previously reported (MES and DAVIES 1978).
Extraction and Cleanup. Two gram samples were extracted with 100 ml
of benzene:acetone (1:19 v/v) for 3 min. with a Silverson Homogenizer
(Canlab Ltd). Extracts were filtered through glass wool and evaporated
on an all-glass rotatory evaporator (< 30°C). Traces of benzene were
removed by repeated evaporation with a few milliliters of hexane. The
solvent free oily residue was redissolved in hexane and filtered through
anhydrous NajSOn and the hexane evaporated to dryness. The residue was

0007-4861/82/0028-0097 SOI.60
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then transferred to a 15 ml_ graduated centrifuge tube, using acetone and
the volume adjusted to 10 ml_. A 0.5 ml aliquot was evaporated in a
prev/eighed aluminum dish to determine benzene:acetone soluble lipids.
Fat was removed from the remaining extract by low temperature pre-
cipitation (McLEOD and WALES 1972).
Separation. The fat free extract in - 1 mL hexane was chromatographed
on a combined Florisil-silicic acid column as previously described (MES
and DAVIES 1978) and the following fractions collected:

Fraction

m

Eluting solvent

35 mL hexane

40 mL of 20% CH-C1-
in hexane

40 mL of 60% CH.C1-
in hexane

Eluted compounds

HCBD, penta chlorobenzene
(PCBz), HCB, p.p'-DDE,
PCB in Arochlor 1260.
Some PCBs in Aroclor 1242,
Mirex.
some PCBs in Aroclor
1242, a, 0 and YHCH, oxy-
chlordane, trans-nonachlor,
p.p'-DDE, o,p'-DDT,
p.p'-DDT
BHCH, heptachlor epoxide,
dieldrin. FIG. 1.

The fractions were concentrated to - 1 mL on a rotatory evaporator as
above and transferred to 15 mL stoppered graduated centrifuge tubes,
using hexane. The final volume was adjusted to 4 mL in most cases.
Identification and quantification. The fractions were chromatographed on
a Varian 2100 series gas chromatograph with electron capture detector
(Tritium foil).
Identification of individual residues was carried out on a 0.6 x 183 cm
glass column, packed with 6%OV-210 + 4% SE-30 on chromosorb W (AW)
100/120 and a flow rate of 40-50 mL/min. Injection, column, and detector
temperatures for the PCB determinations were 212, 199 and 250°C
respectively, while for OC pesticides these temperatures were held at
220, 195 and 258°C. The 8 and Y HCH isomera were quantitated from
chromatograms obtained on a column similar to the one above and under
exactly the same GC conditions, but with 5% OV-210 as stationary phase.
In order to separate Mirex from PCBs fraction I was also chromato-
graphed on a 0.5 mm x 36 m SCOT column, coated with SP 2100, using a
Varian 1400 gas chromatograph with electron capture detector (Scandium
Tritide). Injection, column and detector temperatures were 249, 225, and
241°C respectively. A linear flow rate of nitrogen of 21 cm/sec was
maintained.
Aliquots (5 yL) of standard solutions of Aroclor 1260 (50 x 10"$ yg/yL),
Aroclor 1242 (100 x 10"* yg/yL) and other halogenated hydrocarbons
(0.25 - 10 x 10"* yg/yL, depending on individual response) were injected
before and after every two sample injections.
Individual compounds were quantitated by measuring peak heights. PCBs
were estimated by summation of peak heights of peaks 8 and 10-15 in
Aroclor 1260. In Aroclor 1242, however, different peaks were used to
estimate PCBs in fractions I and n. Peaks C to J of Aroclor 1242 in
fraction I and peaks E and G-J in fraction n were used. (Fig. 1)
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FIG. i. Typical GC elution patterns of Aroclor 1242, 1260 and PCBs in
human adipose tissue (from left to right respectively) on the
mixed stationary phase GC column.

Confirmation of compounds in fraction I. The presence of HCB, HCBD,
PCBz, p,p'-DDE and PCBs in fraction I were confirmed by further gas
liquid chromatographic (GLC) in 5% OV-210.
Thin layer chromatography (TLC) separation of fraction I was carried out
as described by MES et al., (1977), using 60% CH2C12 in hexane to elute
the compounds from the adsorbent.

Appropriate fractions were re-chromatographed on a GLC column of
mixed stationary phase as above and single ion monitored by mass-
spectrometry (MS) for HCB (m/z = 284), HCBD (m/z = 260), PCBz (m/z =
250) and Mirex (m/z = 546), using a Varian Mat 311A coupled to a Varian
1400 series gas chromatograph by a two-stage Watson-Bieman separator
at a resolution of 1000. A full scan probe analysis was performed on the
same instrument for pentachlorobiphenyl (m/z cluster 224, 326, 328, 330),
hexachlorobiphenyl (m/z cluster 358, 360, 362, 364) and heptachloro-
biphenyl (m/z cluster 392, 394, 396, 398).
Confirmation of compounds in fraction II and in. Pesticides in fractions II
and III were confirmed on 5% OV-210 as above.
TLC confirmation was carried out as above, except (5 and f HCH,
heptachlorepoxide, dieldrin and o,p'-DDT, which were re-chromatographed
on 5% OV-210.

Single ion monitoring MS was carried out on appropriate fractions for B
HCH (m/z = 290), Y HCH (m/z = 219), o,p'-DDT (m/z = 354 and 235),
dieldrin (m/z = 380 and 345) and heptachlorepoxide (m/z = 390 and 353) as
above. A full scan probe MS analysis was also carried out for oxy-
chlordane (m/z clusters (420, 422), (424, 426), (385, 387, 389)), trans-
nonachlor (m/z cluster 405, 407, 409), p,p'-DDE (m/z clusters (316, 318,
320), (246, 248), 210) and P,p'-DDT (m/z clusters (352, 354, 356), (317,
319), (235, 237)).

:'
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Controls. Samples were fortified with all compounds analysed for, except
2 HCH, Aroclor 1242, o,p'-ODT and Mirex. Fortification levels were 1.25
ppm for Aroclor 1260 and p,p'-DDE, 0.313 ppm for p,p'-DDT, 0.015 ppm
for y HCH and 0.05 ppm for all others. These fortifications were carried
O'Jt in different combinations of pesticides in order to avoid overlapping
of gas chromatographic retention times. At regular intervals during the
survey solvent blanks were run through the entire analytical procedure.

RESULTS AND DISCUSSION

The results in Table 1 show the occurrence and very high incidence of
environmental chemicals in adipose tissue of Canadians, as collected in
1976. AJ1 residues in Table 1 were confirmed by gas chromatography

TABLE 1

Chlorinated hydrocarbon residues in lipid extracts of adipose tissues
of Canadians

Tre

Compound u q/q wet
Average8

PCS, as Aroclor 1260
PCB, as Aroclor 1242
HCBD
PCBz
HCB
a HCH
3 HCH
7 HCH
Oxychlordane
t-Nonachlor
Heptachlor epoxide
Dieldrin
p.p'-ODE
o,p'-ODT
p.p'-ODT

0.944
0.
0.
0.
0.
0.

- 0.
0.
0.
0.
0.
0.
1.
0.
0,

,307
,004
,002
,095
.004
.151
.003
.055
,056
.037
.049
.721
.032
.311

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

' *

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.1.
0.
0.

S.D.b

902
272
000
000
103
000
459
000
026
032
045
030
390
058
493

weiqht

%of
samples

Containing
Range

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.040 -

.054 -

.001 -

.001 -

.010 -

.001 -

.016 -

.001 -

.005 -

.015 -

.004 -

.003 -

.034 -

.005 -

.016 -

6
2
0
0
0
0
4
0
0
0
0
0
7
0
3

.801

.300

.008

.020

.667

.043

.413

.030

.186

.244

.404

.211

.819

.578

.998

residues

100
100
93
93

100
97

100
90

100
100
100
100
100
96

100
a Average of 99 samples D Standard deviation.

(GC), TLC and MS in individual or pooled samples. PCBs in fractions I and
n were confirmed by the presence of penta-, hexa-, and heptachloro-
biphenyl. HCBD and PCBz residue determinations cannot be considered
quantitative with eratic recoveries of 0-56 and 3-84 % respectively,
causing the average recovery to be < 30%. Recoveries of other
chlorinated hydrocarbon residues ranged from 70-100%. Figure 1 shows a
typical GC elution pattern of HCBD, PCBz, HCB, PCBs and p,p'-ODE in
fraction I of human adipose tissue extract.

Table 2 compares the present data with those obtained by RITCEY et
al. (1973) in 1969 and MES et al. (1977) in 1972. In general it can be
observed, that the average levels of PCBs, f HCH and oxychlordane
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TABLE 2

Trends in chlorinated hydrocarbon residues in adipose tissues of Canadians

ug/g wet weight

Compound

PCB, as Aroclor 1260
HCB
aHCH
BHCH
yHCH
Oxychlordane
t-Nonachlor
Heptachlor epoxide
Dieldrin
p,pf-DDE
o,p'-DDT
p,p'-DDT
Total DDTs

RITCEY
et al.(1973)

0.01'5

0.040
0.122
3.430

1.017
4.543

MES
et al.(1977)

0.907
0.062
0.004
0.054
0.007
0.055
0.065
0.043
0.069
2.095
0.031
0.439
2.571

THIS
SURVEY

0.944
0.095
0.004
0.151
0.003
0.055
0.056
0.037
0.049
1.721
0.032
0.311
2.064

appear to have remained constant; the average levels of Y HCH, t-
nonachlor, heptachlor epoxide, dieldrin and total DOT appear to have
decreased, and the average levels of HCB and 6 HCH appear to have
increased.
The increase in HCB residue level probably reflects more the improved
recovery in this study compared to the 1972 survey (MES et al. 1977), than
an actual increase in the HCB body burden. The decrease in p,p'-DOT
level between 1972 and 1976 was less than between 1969 and 1972. This
could possibly be attributed to the fact that PCBs were not determined in
1969 and if present at that time could have contributed to the DOT level.

The geographic distribution of environmental contaminants is shown in
Table 3 (MES et al., 1977). The results indicate higher residue levels of
Aroclor 1242, HCB, Y HCH, oxychlordane, t-nonachlor, heptachlor
epoxide, dieldrin and p,p'-DDE in the central region than in the Eastern
and Western regions and Quebec. This Is in contrast with reported values
in the 1972 survey, where the residue levels of the Central region were
consistently lower than in other regions, except for heptachlor epoxide.
Although the levels of these residues were also higher than those found in
Ontario and the Yukon, the latter two regions only represented a limited
number of samples, especially in the case of populated Ontario. Only
HCB, oxychlordane and heptachlor epoxide showed a statistically signi-
ficant difference (p < 0.05) between the regions (Yukon not included).

There appears to be little difference in residue levels of males and
females (Table 4), except for HCB, which is 2 x higher in females than
males and $ HCH which is higher in males. The difference in HCB was
statistically significant.

Table 5 shows the residues in artificially grouped ages. Although the
results indicate an increase in residue levels with age, except for 6 HCH
and p,p'-DOT, the effect was only statistically significant (p < 0.05) for
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TAULE 5

Kuglunul distribution of chlurlnulod hyjrocurbun ruulduuu In cidlpuuo Lluouo of Cniuidlnnu.

Compound Average ug/q wot weight l S.D.
Region

Eastern

PCB, as Aroclor 1260
PCB, as Aroclor 1242
HCBD
PCBz
HCB
aHCH
BHCH
fHCH
Oxychlordane
t-Nonachlor
Heptachlor epoxlde
Dleldrin
p,p'-ODE
o,p'-DDT
p,p'-DDT

0.803
0.219
0.002
0.001
0.041
0.002
0.07B
0.002
0.043
0.047
0.014
0.036
0.965
0.017
0.118

± 1.094
i 0.304
± 0.000
± 0.000
± 0.020
± 0.000
i 0.087
± 0.000
± 0.017
± 0.022
i 0.000
± 0.017
± 0.697
± 0.010
± 0.030

Quebec

0.890 ± 0.409
0.293
0.004
0.002
0.072
0.003
0.074
0.002
0.047

0.156
0.000
o.opo
0.033
0.000
0.037
0.000
0.014

0.051 t 0.020
0.029 i 0.010
0.053 t 0.028
1.764 t 1.248
0.028 ± 0.020
0.308 ± 0.328

Ontario

1.791
0.253
0.004
0.003
0.082
0.004
0.179
0.001
0.054
0.048
0.052
0.049
1.531
0.034
0.225

± 1.468
± 0.073
± 0.000
± 0.000
± 0.048
± 0.000
± 0.318
t 0.000
± 0.017
± 0.022
± 0.069
± 0.026
± 1.215
± 0.041
± 0.146

Central13

0.779
0.416
0.003
0.002
0.149
0.004
0.126
0.004
0.074
0.071
0.076
0.056
2.268
0.031
0.332

i 0.660
± 0.553
± 0.000
± 0.000
± 0.189
±0.000
± 0.254
± 0.000
i 0.046
± 0.057
± 0.097
± 0.048
± 1.704
± 0.014
± 0.323

Western0 Yukon

0.947
0.306
0.003
0.003
0.119
0.006
0.308
0.003
0.059
0/059
0.030
0.045
1.663
0.051
0.404

± 1.233 1.398
± 0.181 0.367
t 0.000 0.004
t 0.000 0.001
± 0.121 0.126
t 0.000 0.005
i 0.848 0.089
t 0.000 0.003
± 0.028 0.076
± 0.030 0.081
± 0.014 0.042
± 0.022 0.036
± 1.590 1.915
± 0.113 0.032
± 0.819 0.261

± 0.819
t 0.256
t 0.000
± 0.000
t 0.046
± 0.000
± 0.033
±0.000
± 0.022
± 0.025
± 0.026
± 0.010
± 1.167
± 0.000
± 0.064

a Prince Edward Island and Nova Scotia
Manitoba and Saskatchewan

c Alberta and British Columbia.
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TABLE 4

Chlorinated hydrocarbon residues in adipose tissue of Canadians
as related to sex

Compound Average ug/g wet weight ± 5.D.

Male (Na =

PCB, as Aroclor 1260
PCS, as Aroclor 1242
HCBD
PCBz
HCB
a HCH
BHCH
fHCH
Oxychlordane
t-Nonachlor
Heptachlor epoxide
Dieldrin
p,p'-DDE
o,p'-DDT
p.p'-DDT

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
1.
0.
0.

887
321
004
002
066
005
183
003
053
058
035
050
726
039
355

±
±
±
±
±
+
±
±
±
±
±
±
±
±
±

0
0
0
0
0
0
0
0
0
0
0
01
0
0

53)

.689

.335

.000

.000

.037

.000

.612

.000

.020

.033

.028

.024

.497

.078

.614

Female

1
0
0
0
0
0
0
0
0
0
0
0
1
0
0

.007

.291

.003

.002

.130

.004

.116

.003

.057

.054

.040

.047

.726

.025

.264

(N =

±
±
±
±
±
i
±
±
±
±
±
±
±
±
t

1.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.1.
0.
0.

45)

114
178
000
000
141
000
166
000
033
030
059
035
284
017
300

Number of samples

TABLE 5

Chlorinated hydrocarbon residues in adipose tissue of Canadians as
related to age

Compound

PCB, as Aroclor 1260
PCB, as Aroclor 1242
HCBD
PCBz
HCB
a HCH
B HCH
Y HCH
Oxychlordane
t-Nonachlor
Heptachlor epoxide
Dieldrin
p,p'-DDE
o,p'-DDT
p.p'-DDT

Average

0
0
0
0
0
0
0
0
0
0
0
0
1
0
0

0-25
(N =

.697

.237

.003

.002

.051

.005

.067

.002

.045

.049

.021

.033

.052

.036

.195

years
= 33)

± 0
10
± 0
± 0
± 0
± 0
± 0
± 0
± 0
to
± 0
± 01 1
± 0
± 0

.640

.215

.000

.000

.026

.000

.051

.000

.020

.039

.000

.010

.292

.098

.339

yg/g wet weight ± S.D.

26-50 yrs
(N =

0.926
0.319
0.004
0.002
0.094
0.004
0.260
0.003
0.056
0.059
0.047
0.056
2.024
0.029
0.412

: 41)

±0.
±0 .
±0 .
±0.
± 0 .
iO.
± 0 .
±0 .
±0.
±0.
± 0.
to.
±1.

567
178
000
000
079
000
698
000
024
024
066
028
318

± 0.017
±0.661

1.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
2.
0.
0.

51 + yrs
(N =

233
384
004
002
160
004
082
004
067
063
042
059
139
034
301

: 24)

±
*
±
±
±
±
+
±
±
±
±
±
±
±
±

1.426
0.428
0.000
0.000
0.164
0.000
0.037
0.000
0.037
0.030
0.024
0.039
1.377
0.024
0.276
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HCB, oxychlordane, heptachlorepoxide and p,p'-DDE and for dieldrin in
the 0-25 year age group, which was significantly lower than in the other
two groups.

Sixteen samples from the Eastern region and Quebec were analysed for
Viirex. An average Mirex residue level of 6 ppb was found. The range was
2-19 ppb. Figure 2 shows a typical GC elution pattern of PCBs and Mirex
on a capillary column. The presence of Mirex in the total pooled sample
was confirmed by MS.

Bull. Environ

Accu
Sacc

20 40
Tm (mini

60 o

FIG. 2. A typical GC elution pattern of PCBs in human adipose tissue
by capillary gas liquid chromatography. The numbers are not
related to those in fig. 1, but are from an arbitrary numbering
system for capillary GC, used in our laboratory.
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An Assessment of the Reproductive Toxic Potential of
Aroclor 1254 in Female Sprague-Dawley Rats

Fitzgerald Spencer

Department of Biological Sciences and Health Research, Southern University,
Baton Rouge. LA 70813

Polychlorinated biphenyls (PCBs) and their deriva-
tives are regarded as major global pollutants
(RISEBROL'GH et al. 1968). In the United States, KUNTZ &
STRASSMAN (1976) have found that residual amounts of PCBs
accumulate in the tissues of many human subjects. From
a toxicological viewpoint, PCB compounds have caused
atrophy in reproductive organs, such as the uterus of
rabbits, following oral administration of 300 mg of
Aroclor 1254 (ROLLER & ZINKL 1973). However, this PCB
compound did not produce any trophic response in the
uterus of the weanling rats at doses up to 1000 ^)g/kg,
nor did the PCB induce persistant vaginal estrus syndrome
when given to these neonates (GELLERT 1978). Furthermore,
VILLENEUVE et al. (1971) found no effects on the number
of litters, litter size and litter weights of fetuses
from rats fed dosages of 100 mg/kg/day Aroclor 1254.
Oral administration of 12.5-50.0 mg/kg/day of Aroclor
1254 to rabbits for 28 days of gestation was erabryotoxic
(VILLENEUVE et al. 1971).

MATERIALS AND METHODS

Female albino rats (Holtzman strain) ranging from
200-300 g were maintained under standard conditions and
subjected to decidualized pseudopregnancy and pregnancy
inductions in accordance with previously described pro-
cedures (TAT SING & SPENCER 1981). Biochemical and
physiological assays and pesticide feeding schedules were
conducted in conformity with those in the fore-cited
study. Similar statistical measures were employed.

RESULTS

Uterine protein (Fig. 1), uterine glycogen (Fig. 2),
and ovarian protein (Fig. 3) of PCB-treated decidualized
pseudopregnant rats were reduced. Placental protein
(Fig. 4) and placental glycogen (Fig. 5) concentrations
were decreased in pregnant rats after 10 days of PCB
treatments. No embryonic resorption was observed in Day
12 dams fed PCB up to 900 ppm (Table 1A). Fetotoxicity
of the PCB was demonstrated by a decrease in fetal survi-
val rate per litter, and also by a loss in fetal weight
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,,1055 -recorded at birch (Table 1A). Reductions in chow
• ^onsucption were observed at 300, 600, and 900 ppn test
g.roups (Table 1A). Maternal toxicity as manifested by
the loss in body weight appeared in test groups of 600
and 900 ppn (Table IB).

DISCUSSION

The data described here demonstrate that dietary
administration of the PCB compound (Aroclor 1254) during
decidualized pseudogestat ion produced acute alterations
in uterine and ovarian biochemistry. Uterine reductions
in protein and glycogen and decreases in ovarian protein
occurred in dose—related manners. Moreover, uterine
weights were significantly lowered at 750 ppm and above.
Hence, there exists a definite and robust uterotoxic
influence for Aroclor 1254 in decidualized pseudopregnant
rats. Taken altogether, this induced incompetence in
uterine biochemistry (endocrine target organ) is paral-
leled by a significant decrease in a prominent parameter
in the biochemistry of the ovary (the juxtaposed endo-
crine support organ). These results suggest that the
lytic action of Aroclor 1254 on the uterus, especially
wi-h regards to glycogen, involves a loss of anabolic
s mlation from the ovary. Since uterine glycogen is
an extremely sensitive criterion for estrogen action
(HITMAN et al. 1965), this response here indicates an
anti-steroidal role for Aroclor 1254. In harmony with
this mechanism, are studies citing the occurrence of
metabolic changes in sex steroids in normal cyclic rats
following PCB treatment (OBERG & INGVAST 1977; DERR
1978).

In pregnant rats, Aroclor 1254 also affected pla-
cental glycogen. Albeit, protein concentrations
declined steadily in groups fed low levels of Aroclor
1254, and became progressively reduced with increasing
dosages.

VILLENEUVE et al. (1971) reported that no fetal
resorption was produced in pregnant rats given daily
doses of Aroclor 1254 by oral gavage. In our study,
wv -ein the toxicant was administered via the diet, the
f .1 survival potential was drastically affected at
300 ppm and greater (Table 1A). Moreover, at dietary
exposures of 300, 600 and 900 ppm, the food intakes
were diminished. By corroboration, it has been docu-
mented that pregnant rats are more susceptible to the
toxicological effects of Aroclor 1254 during dietary
deprivation (BYRE 1974). Therefore, reductions in the
fetal survival rates and neonatal weights may be mani-
fested through a joint function on the part of Aroclor
1254 toxicity and by means of a decrease in nutritional
intake by maternal rats (Table 1A).
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Aroclor-1254 containing diet. Each point represents the
me an of 10 rats and the bar indicates the SE. An asterisk
shows values that are significantly different from the
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T A D L E 1A
EFFECT OF PCB ( A R O C L O R 1254) ON P R E G N A N C Y

Dietary'1
treatment
with PCB
(ppm)

0

25

50

100

200

300

600
900

ANOVA

Daily
intake of
PCll+chow

(g/day/rat)

X+SE

20.8+0.6

18.6+0.4
18.0+0.6
19.3+0.1
17.7+0.9
15.8+0.6b

9.6+0.71'
7.0+0.6b

< 0.05

Number
of

litter

7

7
7
7
7
7
7
7

Implantations
at Day 6
per dam

X+SE

12.29+1.17

12.40+0.55
12.60+0.68
12.80+0.37
10.60+0.51
12.40+0.40
12.43+1.37
12.14+0.75

Number of
conceptuses
at Day 12

X+SE

12.29+1.17
12.40+0.55
12.60+0.68
12.80+0.37

10.60+0.51
12.40+0.40
12.43+1.37
12.14+0.75

Percentage
of fetal

survival rate
per litter
at birth
X+SE

79.54+ 3.84

66.21+ 9.42
65.87+10.33
65.38+12.20
63.05+ 8.44
28.03+12.29b

17.14+11.28b

00.00+ 0.00

<0.05

Average fetal
weight per
litter at

birth
(R)
X+SE

7.02+0.12

6.84+0.08

6.67+0.06

6.19+0.15b

5.61+0.10b

5.58+0.19b

_ _

——

<0.05

Rats were given Aroclor 1254 at respective concentrations in a diet f r o m Days 6 through 15 of
pregnancy.

b,.Significantly different from the control, using Student's t-test (p < 0.05).

TABLE IB

BODY WEIGHT OF PREGNANT RATS GIVEN PCB (AKOCLOR 1254)



l-.il.-,

pregnancy.

Sii-.nlf icantly ill rent from the control, using Stude. > t-tcst (p < 0.05).

TABLE IB

BODY WEIGHT OF PREGNANT RATS GIVEN PCB (AROCLOR 1254)

Dietary
treatment
witii rcn
(ppm)

0

25

50

100

200

300

600

900

Maternal

X

Day 6 of gestation

273+ 8
232+ 8
226+10
243+ 7

220+ 6
268+12
233+10
223+ 6

body weight
(g)+sn:

Day 16 of gestation

302+ 4
265+12
255+ 8
274+10
245+ 7
288+10
215+ 5
174+ 5

A Body wcirJtt
(r.)

Day 16- Day 6

+ 29
+ 33
+ 29
+ 31
+ 25
+ 20
- 18
- 49

ANOVA < 0.05

Rals were c.lven Arodor 1254 at respect ivc concentrations In a dint from Days 6-15 of proi'.n.mry.
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Fig. 5. Placental glycogen of Day 16 pregnant rats fed different
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are plotted above the bars. The asterisk shows values that are
significantly di f ferent from the control, using Student 's t-
test (p < 0.05).

The s t u d y ind ica tes that Aroclor 1254 caused im-
balances in hormona l ly -med ia t ed biochemical e f f e c t s in
p s e u d o p r e g n a n t and p r e g n a n t rats. Fu r the rmore , the com-
pound has b o t h indirect or systemic and direct act ion
( r e d u c e d f e t a l survival ra tes and neonata l we igh t s ) on
f e t a l g rowth and deve lopment .
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or 1242 (Ano/abs Inc. North Haven CT) dissolved first in acetone for a
stock solution of 10 mg/mL. This stock solution was dispersed in filtered see
water for on 'intermediate dilution of O.I mg/mL which was made up fresh
daily. Previous work having shown that acetone had no gross effects on these
embryos (WE/5 & WEIS 1974); controls were untreated. All experimental
groups contained 20 or more eggs. Solutions were changed daily for the first
four days of development.

After one week of incubation at 24° C embryos were examined under a
stereomicroscope for malformations. The MeHg resoonse of each egg was
evaluated by indices previously described (WEIS & WEIS 1977b, WEIS et al.
in press) which rank the relative severity of defects in the head, heart, ond
skeletal system. Mean indices for each botch were calculated.

At the time of hatching, a retardation of hatch due to PCB was often
noted. To stimulate hatching, both control and PCB-treated batches hod
water changed daily storting on day 12 of development. Clean water was
used in all cases. PCB-rreoted botches were evaluated using a hatch ratio
(HR) which is %hatch in PCB/% hatch in controls. This was calculated on
the first day in which at least 50 % of the controls had hatched. The HR was
generally below J .0, reflecting retardation of hatching in PCB.

Larval sjsceptibility was determined by a short-term roxicity test with
5.0 mg/L PCB. Newly hatched fry from control groups and PC3-rreated
groups were separated into control and experimental dishes in 50 mL sea-
water. At least 10 experimental larvae were used in each dish. Water was
changed ond re-dosed daily for a we«k. The percent dead every 24 h was
recorded. All larvae were unfed.

Spearman's Rank correlation coefficient (SJEGEL 1956) was performed
to correlate the HR response of each botch of embryos to PCB with the
indices of MeHg susceptibility, the standard length of the female, ond the
larval susceptibility of controls from that batch. The susceptibility of larvae
which hod previously bsen exposed os embryos was also compared with the
susceptibility of larvae which hod not received prior exposure.

RESULTS

The first group of experiments was done with Aroclor 1254. Eight batches
of eggs were exposed to concentrations of 0.01 - 10.0 mg/L with no effect
on embryonic development or hatching. Embryonic mortality was negligible,
and some groups showed acceleration, some retardation, and some no effect
on hatching. Larval tests for seven days likewise showed no larval mortality
of former control eggs in concentrations up to 10.0 mg/L. However, in the
four batches in which we tested larvae which had been pre-exposed to JO.O
mg/L as embryos, larval mortality (about 20 °/c) was noted after 72 h in 5.0
mg/L.

The second group of experiments was done with Aroclor 1242. Twenty-
seven batches of eggs were exposed to 10.0 mg/L which also did not cause any
malformations, but did cause a consistent retardation of hatching. The HR
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wos not correlated with embryonic tolerance, indicating that different
mechanisms of toxicity ore involved. Since embryonic tolerance was
correlated with maternal length, it is likely that some maternally derived
trait, probably chorionic permeability, is involved in conveying tolerance .
to the embryos. It is likely that the chorion protects embryos to differing
degrees, but in all cases, the embryos would be exposed to less toxicant
than the larvae. The differential susceptibility of different groups of larvae,
on the other hand, must be due to differences among the /arvoe themselves.

Larvae which were pre-exposed as embryos were much more susceptible,
indicating that the pre-exposure does not produce acclimation and then
increased tolerance, as has been reported for a number of pollutants inclu-
ding heavy metals (DIXON & SPRAGUE 1981 a,b; LLOYD I960) and pesti-
cides (ORCIARI 1979). On the contrary, the pre-exposure to PCB served
to weaken the larvae and make them more susceptible to further exposure.
A similar increase in sensitivity was seen by DIXON & SPRAGUE (/98la)
in cyanide-exposed rainbow trout (S. goirdneri), and by SVVART5 et a/.
(1978) in su/furic acid-exposed brook trout (S. fontina/is).

There is evidence that PCBs have cumulative, slow acting effects.
MAUCK et a/. (1978) have noted long-term effects on brook trout (S.
fontfnolis) larvae, showing that levels of Aroc/or 1254 which hod no
effect on hatchabi/ity, hatching time and sac fry survive/, did finally
cause fry mortality after 48 days. Similar slow cumulative effects of Aroclor
1016 on pinfish (Logodon rhomboides) were noted by HANSEN et a/. (1974)
and on C. voriegotus by HANSENet ol. (»975). NIMMO et ol. (1975),
after two-week tests of Aroclor 1254 on several species of shrimp, long nose
killifish (F. simMi's), and spot (Leiostomus xonthurus), concluded that acute
tests did not show the true sensitivity of these species. In comparison to 48 h
tests, those lasting two weeks showed a 100-fold increase in roxicify.

A/though we have not done long-term, low dose experiments, our
data showing increased larval susceptibility after embryonic pre-exposure,
and the precipitous nature of the larval deaths indicate that a similar
cumulative process is occurring in this species. It is likely that longer
term larval tests would have revealed significant mortality at much lower
dose levels.
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Depuration and Biological Half-life of 14C-PCB in
Aquatic Organisms

Janet A Gooch and M. K. Hamdy

Food Science Department. University ol Georgia. Athens, GA 30602

Polychlorinated biphenyls (PCBs) are a class of man-made
halogenated aromatic hydrocarbons that are distributed throughout
the environment (SCHNEIDER 1979). Because PCBs are hydrophobic
and resistant to environmental degradation, aquatic plants and
animals tend to accumulate them from the surrounding water en-
vironment (KALMAZ and KALMAZ 1979). Results of several investi-
gators indicated that aquatic organisms accumulate total body
concentrations of PCBs thousands of times greater than that of
the surrounding water. SANDERS and CHANDLER (1972) showed that
fresh water crustaceans and insects accumulated PCB (Aroclor
1254) up to 48,000 times greater than the concentration in the
water. Similar exposure experiments conducted with estuarine
animals showed oysters concentrating 101,000 (LOWE et al. 1972),
and fish 37,000 (HANSEN et al. 1971) times the amount of PCB in
the water.

The biomagnification of PCBs by organisms is affected by
several factors, such as ambient concentration, species, trophic
level variations, adsorption, and lipid content (KALMAZ and KALMAZ
1979). SKEA et al. (1979) studied bioaccumulation of Aroclor
1016 in Hudson River fish and found that the total quantity of
PCBs accumulated by the different species of fish was closely
related to the fat content and weight of the fish. Fish tissues
analyzed from the River Avon showed that those fish species con-
taining a higher percent lipid tended to accumulate more PCB
(KPEKATA 1975). DEFOE et al. (1978) reported that bioconcentra-
tion in minnows was independent of the PCB concentration in the
water. However, CAMP et al. (1974) found that there was a direct
relationship between biological magnification and concentration
of Aroclor 1254 in aquaria water for catfish.

Contaminated aquatic organisms, if transported to clean
water after the exposure period, will depurate or eliminate a
xenobiotic chemical from their bodies over a time span that is
dependent upon differences in the species' metabolism and excre-
tion (HAMDY and PRABHU 1978). HATTULA and KARLOG (1973) stated
that the cytochrome P-450 enzyme complex, absent in fish but
present in mammals and birds, dramatically affects the metabolism
of PCB.

NIMMO et al. (1974) examined the accumulation and depuration
of Aroclor 1254 in grass shrimp and reported that 60 to 902 of
the accumulated PCB was lost from the shrimp within 4 weeks after
exposure was stopped. HANSEN et al. (1971) found that af ter 84
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days of flushing in PCB-fr'.e water, the relative amount of Aro-
clor 1254 in spot fish had decreased 732.

Therefore, this study was conducted to follow the absorption,
elimination, and biological half-life (BHL) of 14C-PCB (Aroclor
1254) in selected organisms representing a simple aquatic eco-
system. Factors affecting the loss of l^c-PCB from labeled
bacterial cells following washing were also examined.

MATERIALS AND METHODS

Trophic Systems. The following 4 organisms were used:
cells of a PCB-resistant Bacillus sp. previously isolated in our
laboratory representing the lowest level (NUNN 1979), mosquito
larvae (Aedes aegypti), guppies (Lebistes reticulatus), and
Cichlids (Cichlasoma facetum); each representing the next higher
food chain system, respectively. Cichlids are a species of
medium-sized tropical fish whose common name is Jack Dempsey.

Labeling of Test Organisms. Uniformly labeled carbon
14-PCB (approximately 50% chlorine by weight and with a gas
chromatographic pattern closely resembling that of Aroclor 1254),
purchased from Amersham Corp., was used for all isotopic labeling.
An 18 h actively growing Bacillus spp. culture was inoculated
into flasks containing 250 ml glucose basal salt broth (UAMDY and
NOYES 1975) plus 0.1Z Tveen 80 (a surface active agent for PCB
emulsification), 200 ppm non-radioactive Aroclor 1254, and 2 uCi
^C-PCB. The culture was allowed to grow for 48 h at 37°C, and
then the labeled cells were harvested by centrifugation (17,000
x £) and washed once with sterile saline.

Approximately 200 eggs of A. aegyptl were sterilized by
immersion in 752 ethanol for 5 min (LEA et al. 1956). The eggs
were allowed to hatch in a beaker containing 400 ml distilled
water (27°C), 0.12 Tween 80, and sterile diet (Purina guinea pig
chow) to yield sterile larvae. When the larvae were 1 d old,
0.8 uCi of 14c-PCB was added to the beaker; the larvae were then
allowed to grow for 48 h. The labeled larvae were collected and
washed once with distilled water.

Guppies (L_. reticulatus) grown in aquarium tanks (25 C) were
labeled by placing 12 fish in beakers containing 1 L distilled
water, 0.12 Tween 80, 1.6 wCi 14C-PCB, and incubated for 48 h.
Cichlids were labeled by the same procedure used for guppies.

Counting System. A known weight of water, saline, or sample
(bacterial cells or nitric acid digest of the larvae, guppies, or
Cichlids) was each placed in a standard scintillation vial con-
taining 10 ml of toluene-based scintillation fluor and counted
in a Beckman LS 7500 liquid scintillation system. The instru-
ment was set to count all samples to + 2Z error or 10 min, which-
ever occurred first; all samples were corrected for background.

Biological Depuration. Each labeled system was transferred
to isotope-free saline (bacteria) or distilled water (larvae,
guppies, and Cichlids) and incubated. Depuration rate of 14C-PCB
by bacterial cells was studied at 37°C. Temperatures of 27 and
25°C were used for larvae and fish, respectively. During incu-
bation, samples of labeled bacterial cells, aliquots of the
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nitric acid digest of larvae or fish, saline or distilled water
were collected. The weighed larvae and/or fish were digested by
heating slowly in 5 ml of concentrated nitric acid. The digest was
then diluted to 25 ml with distilled water to reduce quenching when
counted.

Data, reported as log of initial activities (1.0), were plotted
as a function of incubation (d); and the rate of depuration (k, slope
of line) was calculated for each system. The 50% biological reten-
tion time (biological half-life, BHL) of ̂ C-PCB was also determined
and reported as the time, in d, required for half of the radioacti-
vities of 14C-PCB (cpm/g) to be eliminated from each trophic system.

Confirmation of the Presence of PCB during Bacterial Depuration.
This was conducted by extracting 9 ml saline from the depuration ex-
periments with 5 ml pesticide-grade hexane. The top layer containing
the PCB and hexane mixture was removed and subjected to chroraato-
graphic analyses using a Tracer Model 560 Gas Chromatograph equipped
with a Pyrex glass column 6' x k" packed with 3X OV-1 on 80/100
Chromosorb W Hp. The carrier gas was 95% argon and 52 methane at a
flow rate of 60 ml/min. The operating temperatures for the injector,
column, and electron capture detector (63ui) were 150, 200, and 350°C,
respectively. Chromatograms of the hexane extract were compared with
those of a control system containing Aroclor 1254 PCB, but no bacteria.

Loss of l^C-PCB from Bacterial Cells by Washing. Fresh and frozen
Bacillus sp. cells, labeled with l^C-PCB (same as used in depuration
experiments) were used. The frozen cells were allowed to thaw and
both types of labeled cells were then washed 5 times with pesticide-
grade hexane. In another experiment, the labeled cells were washed
5 times with sterile 0.05 M sodium phosphate buffer (pH 7.0), immedi-
ately followed by 5 washes with pesticide-grade hexane. After each
wash the cells were centrifuged (17,000 x g) and aliquots of super-
natant counted to determine the X loss of ™C-activities by cells as
a function of wash numbers and reported as % of initial counts.

RESULTS AND DISCUSSION

Data on the depuration of 14C-PCB by all 4 systems during incu-
bation is presented in Fig. 1. Three phases of elimination were
noted for the Bacillus culture. Rapid elimination was seen through
the 7th d (k - -0.0305 d-1 for 0-3 d, and -0.0663 d"1 between 3-7 d)
followed by a very slow rate (k = -0.0009 d"1) to the 17th d. A
BHL of 6.4 d was evident from the graph based on the 1st phase only.
In larvae, 3 depuration phases were also present. A slope (k) of
-0.0229 d~l occurred after the 1st d, -0.0859 d"1 between 1-2 d,
and -0.0899 d"1 between 2-5 d with a BHL of 4.4 d. Guppies showed
2 distinct depuration phases; the 1st exhibited a rate of -0.1308
d"1 and -0.1373 d"1 for the 2nd_ with a BHL of 3.3 d. The Cichlids
also showed 2 phases of elimination; a rapid rate (k • -0.1024 d )
occurring durine the 1st d followed by a slower one thereafter
(k - -0.0574 d-*) with a BHL of 5.1 d.

Table 1 summarizes all data including BHL for each system
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calculated from log values using regression analyses. In bac-
teria, using all data between 0-17 d, the BHL was 10.46 d.
Whereas, using values for d 7-17 (the 2nd depuration phase), the
BHL was 55.94 d. Note that all subsequent half-lives for larvae
and fish based on log values using regression analyses very
nearly approximate those calculated from the graphs of log val-
ues.

Several earlier studies conducted on depuration of PCBs in
fish indicated that the BHL ranged from 1 to 3 months and that
certain factors affected the BHL. Among these were: species
differences; differences in metabolic behavior or PCS components
of d i f ferent chlorine content; differential solubility of PCB
conponents, and lastly, that clearance is a combination of move-
ment back out through the gills plus excretion in the urine and
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TADLIi 1. Depuration rates (k, slope of line) in various trophic levels labeled with
14C-PCB.

Incubation k value3
Trophic System Time -1

(Days) Days

Bacteria

(I'CB-resistant
Baci llus spp. )

Mosquito Larvae<*is (Aedes aegypti)

Guppies

(Lebistes reticulatus)

Cichlids

(Cichlasoma facetum)

0-3

3-7
7-17

0-1

1-2
2-5

0-1

1-6

0-1

1-7

-0.0305

-0.0663
-0.0009

-0.0229

-0.0859
-0.0899

-0.1308

-0.1373

-0.1024

-0.0574

Correlation
Coefficient

-1.0

-1.0
-0.8030

-1.0

-1.0
-0.9707

-1.0

-0.9927

-1.0

-0.9988

Biological Half-Life (Days)

Graph Calculatedc

10.46
(0-17d)

6.4 d
55.94

4.47
(0-5d)

4.4 d
4.35

2.47
3.3 d

2.54

4.62
5.1 d (°-7d)

4.57

^Slopes were calculated from graphs of initial activities vs. incubation time.
From graph of log values. "^Regression analyses.



feces (HUTZINGER et al. 1972; RANSEN et al. 1974; and BRANSON
et al. 1975). CALAMBOKID1S et al. (1979) found that the concen-
tration of PCB in mussels decayed logarithmically with calculated
half-lives ranging from 3 d for a PCB component with 2 and 3 chlo-
rines to 50 d for a PCB component with 6 and 7 chlorines. These
researchers established that Aroclor 1242, 1254, and 1260 had
half-lives of 8, 23, and 30 d, respectively.

Our results showed a much shorter BHL for ^ C-PCB than
others. It is possible that the size of the trophic system used,
as well as differences in species and metabolic rates, may affect
the data. NARBONN'E (1979) reported that PCB concentration in
mullets was dependent on food intake, so size of the organism is
another important factor to be considered when evaluating the
data.
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Comparison of the chromatograms between the hexane extracts of
saline during depuration by bacterial cells showed that PCB (1254)
was being eliminated from the cells.

Experiments were also conducted to ascertain if depuration was
due to excretion of PCB or by merely washing of PCB absorbed onto
the cell wall. Data obtained (Fig. 2A & B) revealed that after 5
washes in pesticide-grade hexane, a total of 90.6 and 79.52 of the
i^C-PCB (based on initial activites as 100%) radioactivities were
lost from the fresh and frozen cells, respectively. When the labeled
cells were first washed (5 times) with 0.05 M sodium phosphate buffer,
a total of 44.3 and 25.42 of the ̂ C-PCB radioactivities were lost
from the fresh and frozen cells, respectively. After the remaining
5 washes with pesticide-grade hexane, an additional 39.5% was lost
from the fresh cells and 51.9% from the frozen ones. This indicated
that the percent of the l̂ C-PCB lost by washing is dependent upon the
condition of the cells, the solvent and the number of washes.

This study established the depuration of PCB (Aroclor 1254)
in all trophic systems used, but the rates differed in magnitude.
All systems, except bacteria, followed exponential elimination with
BHLs ranging from 3 to 5 d. Washing may also play a significant
role during the depuration phases.
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Biodegradation of Aroclor 1221 Type PCBs in
Sewage Wastewater

D. Liu

Environmental Contaminants Division, National Water Research Institute.
Burlington, Ontario, Canada L7R 4A6

Highly valued for their electric insulating and other properties,
polychlorinated biphenyls (PCBs) have, until recently, found exten-
sive use in industry as dielectric fluids in transformers, hydraulic
fluids in heavy machinery, and in formulations for paint and ink
(BROADHURST 1972). It has been estimated that the total world
production of PCBs during the past 45 years has exceeded one million
tons, of which about 40Z has been released to the environment
(Interdepartmental Task Force 1972). Unfortunately, their stability
also increases their persistence, and indeed they do not break down
easily in the natural environment including the lower chlorinated
ones (DUINKER et al. 1980). As a result, high concentrations of
PCBs have accumulated at various levels in the food-chains in our
ecosystem. Thus PCBs have been detected in both fresh water and sea
water (PEAKALL 1975), in sediments (FRANK et al. 1977), plankton
(WARE & ADDISON 1973), fishes (VEITH et al. 1979), birds (BRAESTRUP
et al. 1974), and in human tissues (MUSIAL et al. 1974) indicating
that they are ubiquitous contaminants in the total environment.

The literature now abounds with reports concerning the metabolism of
PCBs in living organisms and several excellent works regarding
microbial degrdation of PCBs have been published (AHMED & FOCHT
1973; HUTZINGER et al. 1974; WONG & KAISER 1975; FURUKAWA &
MATSUMURA 1976). Studies on microbial degradation of PCBs are
essential to understand the behaviour of PCBs in the environment.
One difficulty encountered in the study of the interaction between
PCBs and biota is that PCBs are not single compounds, but complex
mixture of different isomers (TUCKER et al. 1975), which greatly
complicates the assessment of the processes of interaction with
microorganism such as biodegradation and blotransformation. For
example, PCBs mixtures were reported to biodegrade much faster than
the pure components (BAXTER et al. 1975) implying that different
mechanisms could be involved in the degradation of commercial PCBs
formulations and their correponding single isomer. As significant
amounts of PCBs enter the aquatic environment via the route of the
wastewater effluents (BERGH & PEOPLES 1977), there is a need for
information concerning the fate and behaviour of PCBs in the sewage
effluent. The objective of this study was to assess the
biodegradation of commercial PCBs formulations in municipal sewage
including the factors affecting the degradation.

MATERIALS AND METHODS

Chemicals: The commercial PCBs mixture (Aroclor 1221, lot no.
KD-07-101) was courteously provided by the Monsanto Co., St. Louis,

0007-4861/81/0027-0695 S01.80
© 1981 Springer-Vcrlag New York Inc.



MO. All pure PCB isomers were obtained from Analab, North Haven,
CT. Sodium ligninsulfonate was acquired from the Mathesoo Coleman
and Bell, Cincinnati, OH. Organic solvents were glass distilled as _
supplied by Caledon Laboratories Ltd., Georgetown, ON.

PCBs Emulsion; A small stainless steel sonic cup containing 1000 mg
of PCBs, 1 mL of sodium ligninsulfonate solution (50 mg oL~') and 10
mL of distilled water was placed la a model 350 ultrasonic apparatus
(Heat Systems Ultrasonics Inc., Plainsview, N.Y.) and the contents
were subjected to a pulse Bonification (50Z) for 2 min. The
resultant emulsion was very uniform and stable with an average PCBs
droplet size of 0.5-1 urn.

Bacterial Culture and Media; The bacterial culture used in the
present study was a PCB-degrading Pseudomonas sp. 7509 originally
isolated from the activated sludge (Liu 1980). The culture was
maintained on the following basal medium with Aroclor 1221 as the
sole carbon and energy source (g IT*): K2HP04, 1.3; KH2P04, 0.82;
(NH4)2S04, 1.0; MgSOA.7H20, 0.05; FeS04.7H20, 0.01; CuS04.5H20,
0.01; CoCl2.6H20, 0.01; MnCl2.4H20, 0.01; NaCl, 0.05. The final pH
of the medium was 6.9 and was sterilized at 121°C for 15 Bin. The
PCBs emulsion and ligninsulfonate were subsequently added to the
medium at concentrations of 100 and 50 ppm, respectively. For the
bench scale biodegradation test, fresh municipal raw sewage
fortified with nitrogen (as NĤ Cl) and phosphorus (as KH2P04 +
K2HP04> at 20 ppm each was employed as the growth medium. The raw
sewage was not sterilized with a typical BOD concentrations of
140-170 ppm.

Determination of Degradation; 10 all experiments, only the primary
biodegradation of PCBs was followed. I.e., the disappearance of PCBs
from the growth media or by measurement of the oxygen uptake rate.
Upon acidification with 2 drops of 12 N H2S04, 5 mL of the cultural
broth and 1 mL of n-hexane were vigorously mixed in a 15-oL conical
glass centrifuge tube for 1 min on a vortex mixer. The emulsion was
broken down by centrifugation at 2,000 x g for 5 min and the clear
hexane extract was used for g.c. analysis. Gas chromatographlc
analyses were carried out on a Hewlett-Packard 5730A gas
chromatograph equipped with dual FID and Interfaced with a Spectra
Physics SP 4000 chromatographic data system. The 1.8 m x 2 mm i.d.
stainless steel columns containing 10Z OV-1 on Chromosorb W(AW-DMCS)
were temperature programmed from 150-250'C at 8"C min"1, while the
injector and detector were kept at 250 and 280"C, respectively. The
carried gas was nitrogen at a flow rate of 30 mL min'1.

Manometry; Oxygen uptake was determined at 20'C using a Gilson
differential respirometer. Resting cell suspensions were prepared
from culture grown in the basal medium with Aroclor 1221 as the car-
bon and energy source as reported above. The cells were harvested
by centrifuging at 15,000 g for 20 min. The cells were washed three
times in cold 0.05 M (pH 7.0) phosphate buffer and resuspended
in the same buffer. The cell suspensions were so adjusted that
1 mL of suspension contained 3-4 mg cell (dry wt.). The
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standard incubation mixtures for the assay were: 1 mL of cell
suspension, 1 mL of 0.05 M phosphate buffer (pH 7.0), 0.8 mL of
distilled water, 0.2 mL of substrate (in the side arm) and 0.15 mL
of 20Z KOH in the center well for CC>2 absorption.

Bench Scale Test; The bench scale test of PCBs biodegradation was
carried out in a 14-L microferm fermentor (New Brunswick Scientific
Co., Edison, N.J.) equipped with automatic temperature, pH,
dissolved oxygen and agitation speed controls. In a typical batch
operation, the fermentor was charged with 10 L of fresh raw sewage
which was fortified with 20 ppra of phosphorus and nitrogen each.
The temperature was automatically controlled at 20°C at AOO rpm and
dissolved oxygen (D.O.) in the fermentor broth at 2 ppm.

RESULTS AND DISCUSSIONS

I

The results presented in this and a previous paper (LIU 1980)
suggested that P. sp. 7509 could oxidize commercial PCBs formulation
(Aroclor 1221) at a rapid rate. If this bacterium is to be
considered as a seeding culture for wastewater treatment, it is
essential that the bacterium be able to degrade PCBs in the presence
of other rich organic nutrients normally found in wastewater.
Investigations in this area could also provide useful Information on
the possible interference from other organic compounds in the
removal of PCBs by wastewater treatment process. As shown in Figure
1, P. sp. 7509. oxidized the Aroclor 1221 at a rate approximately
•10 times faster than sewage. There are at least two possible
explanations for this observation. First, the sewage contained some
toxic materials that inhibited the bacterial respiration. This was
unlikely, because addition of Aroclor 1221 (emulsion) to the sewage
after 80 mln resulted In an Immediate increase in oxygen
consumption. The second possibility was that P. sp. 7509 preferred
Aroclor 1221 to the other organic substrates. This preference was
demonstrated in the same Figure 1. Glucose, a substrate used
readily by most bacteria, was poorly oxidized by this bacterium.

Since the temperature of sewage treatment plants in Canada vary
considerably with seasons, It was of Interest to test the ability of
P. sp. 7509 to oxidize PCBs at different temperatures. Figure 2
shows the effect of temperature on the oxidation rate of Aroclor
1221 emulsion by this bacterium. From 15 to 35*C, the bacterium
could rapidly oxidize Aroclor 1221 with the corresponding Qo2 of 81
(15*C), 182 (25'C) and 338 (35»C). Decreasing the temperature to
A-10*C drastically retarded the microbial oxidation rate of Aroclor
1221 (Qo2 - 15 at A°C, 32 at 10*C). Similarly, a raise of
temperature from 10 to 15°C resulted in an increase of Aroclor 1221
oxidation rate by 2.5 times. Nevertheless, even at such a low
temperature of 4°C, this bacterium was still able to oxidize the
Aroclor 1221. To provide a more realistic and optimal degradation
temperature, 20*C was therefore used for all experiments including
the bench scale biodegradation test.

Nitrogen and phosphorous which are required for bacterial growth are
present In limited amounts in certain wastewater. Bench scale
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experiments were conducted to study the effect of nitrogen and
phosphorous concentrations on the degradation rate of Aroclor 1221
by P. sp. 7509 in raw sewage. Addition of nitrogen and phosphorous
concentrations ranging from 2 mg to 20 mg L"1 to sewage (the minimal
value roughly equivalent to that found in municipal raw sewage)'did
not significantly affect the biodegradatlon rate of Aroclor 1221.
However, raw sewage with N and P fortifications constantly yielded
more reproducible results implying that the concentrations of N and
P in raw sewage were on the border of rate limiting. Consequently,
fortified raw sewage (N and P at 20 mg IT1 each) was used in all
bench scale tests.

co

-3
O

-3
C

Although several studies on the relative rate of PCBs biodegradation
have been reported (AHMED & FOCHT 1973; WONG & KAISER 1975;
REICHARDT et al. 1981), the effect of dissolved oxygen on the
degradation rate of PCBs by bacteria has not received any
attention. Bench scale tests were thus initiated to study this
effect. In these experiments, the fermentor was charged with 10 L
of fortified raw sewage seeded with P. sp. 7509. The fermentor"s
impeller was kept at 400 rpm with the dissolved oxygen concentra-
tions In the fermentor broth varying from 0 to 4 ppm level depended
on the experimental conditions desired. Data presented in Figure 3
indicates that the' rate of Aroclor 1221 biodegradation occurred
without limitation at dissolved oxygen concentrations of 1 ppm and
above. At dissolved oxygen concentrations less than 1 ppm, a strong
reduction of the PCBs degradation rate resulted. These data
indicated that P. sp. 7509 could degrade Aroclor 1221 under the
operational conditions of the sewage treatment plant where the
dissolved oxygen in the activated sludge reactor is generally
maintained about 2-3 ppm level (ECKENFELDER & 0'CONNOR 1961). Thus,
the level of dissolved oxygen in the growth medium does not appear
to be the rate-limiting factor for microbial degradation of PCBs.
This is consistent with results by MACLENNAN & PIRT (1970) who
Investigated the effect of dissolved oxygen on the rate of
hydrocarbon degradation. They reported that the biodegradation rate
was not affected until the dissolved oxygen in the growth medium
fell below 0.3 ppm level.

Perhaps the most interesting observation noted in the present study
was that the rate of Aroclor 1221 degradation was intimately
depended on the agitation speed of the fenaentor's impeller. In
these batch exerpiments, the dissolved oxygen in the fermentor broth
was maintained at 2 ppm, while the impeller speed was varied from 0
to 800 rpm. Data in Figure 4 indicated that the rate of Aroclor
1221 degradation (expressed in terms of half-life) was a logarithmic
function of the Impeller speed between zero and 800 rpm. This
excellent correlation (r - 0.96; n • 5) implies that good mixing is
essential In the study of PCBs biodegradation.

The effect of impeller speed on Aroclor 1221 degradation is further
demonstrated by the gas chromatograms of Figure 5. After 66 h
incubation, 86.3X of the added PCBs was degraded by P. sp. 7509 at
800 rpm, while only 16.9Z PCBs was reduced at 100 rpm. The results
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in the present investigation and the earlier study (LIU 1980)
suggested that the chance or frequency of contact between bacteria
and PCBs droplet is one of the major factors in determining the rate
of aicrobial degradation of PCBs. To verify the observation that
the rapid loss of Aroclor 1221 from the fennentor broth at high
inpeller speed was not due to volatilization, oicroblal inhibitors
(EgCl2 at 100 qg IT1, KCK and NaN3 at 5 m moles IT* each) were added
to the fermentor broth in a separate experiment. With dissolved
oxygen at 2 ppm level and impeller speed at 400 rprn, the loss of
Aroclor 1221 from the fermentor due to physical processes amounted
to only 82 after 10 days incubation. The Inclusion of sodium
ligninsulfonate in the fermentor broth was probably responsible for
preventing the rapid loss of Aroclor 1221 from the fennentor by
lowering the PCBs vapor pressure. Other evidence for microbial
degradation of PCBs in fermentor was also noted by following the
bright yellow color production in the supernatant of the fermentor
broth (Figure 6). The yellow color product had an absorption
aaxiaun at 395 nm during the early stage of incubation and rapidly
disappeared from the broth. The yellow color compound appeared to
be the chlorinated derivatives of •f-hydroxymuconic acid as suggested
by FCRUKAWA and MATSUMURA (1976). The results In the present study
clearly indicated that P. sp. 7509 was capable of degrading the
lover chlorinated Aroclor 1221 in municipal wastewater under the
batch operational conditions. Experiments are being carried out to
assess the feasibility of degrading higher chlorinated PCBs in
vastewater under the continuously operational conditions.
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655 Zilko, V. < "Uploke of Chlorinoted Poiaffim ond PCB from Suspended
Solids oiid Food by Juvenile Allonlic Salmon." BULLCTIN OF EN-
VIRONMENTAL CONTAMINATION AND TOXICOLOGY 12 (1974):
406-12.

Chlorinated paraffins are suggested as replacements for PCBs.
They ore much less accumulated lion PCB, if at all.
Possibly toxic to juvenile salmon.

POLYCHLORINATED BIPHENYL (PCB)

856 Ahno'f, M., and Joseftson, B. "Polyehlotlnoled Biphenyl (PCB) in
Goto River Water . " AMBIO 4 (1975): 172-74.

Little is known about waters with low levels PCB. Describes
new analytical method when PCB is present only In trace
amounts. In this instance it was shown that river played
l i t t le role in dispensing PCB.

857 Alien, J.R., ond Abrohomson, L.J. "Morphological ond Biochemical
Changes in the Liver of Rals Fed Polychlorinaled Biphenyli." ARCHIVES
OF ENVIRONMENTAL CONTAMINATION AND TOXICOLOGY I
(1973): 265-80.

Following administration In diet for six weeks of O.I percent
PCB in three Arochlor types, liver became enlarged ond liver
microsomol enzymes increased act ivi ty. Three-fold enlarge-
ment of liver in animals killed after six weeks on above diet.

858 Ayres, David C., ond Denron, Gary R.W. "On the Diversity of Pro-
ducts Obtained during Synthesis of Polychloibiphenyls by the Van
Roosmalen Procedure." BULLETIN OF ENVIRONMENTAL CONTAMI-
NATION AND TOXICOLOGY 14 (1975): 361-69.

Many peaks on chromatogroms, as many as fourteen. Illus-
trates compound nature of PCB and difficulty In analysis.

85' Bobish, John G., et al. "Polybrominoted Biphenyli: Tissue Distribution
and Effect on Hepatic Microsomal Enzymes in Japanese Ouoil."
JOURNAL OF AGRICULTURAL AND FOOD CHEMISTRY 73 (1975):
879-82.

Maximum enzyme induction occurred ot 20 ppm Intoke in
moles, ot 100 ppm In femoles. Polcnliol toxicily of PBBs as
great as PCBi.

R60 Boqley, G.E., et ol. "Identification of Polychlorinoled fliplienyls in
Two Bold Eagles by Combined Gos-Liquid Chromotogrophy—Moss Spec-
Irometry." JOURNAL OF THE ASSOCIATION OF OFFICIAL ANALYT-
ICAL CHEMISTS 53 (1970): 251-61.
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B6I

862

863

PCb found In eogle tissue.*; orlicle concerns technique of
separating "interfering" chlorinated hydrocarbons for individual
chemical determinations.

Bush, Brian, et ol. "Toxiclty ond Persistence of PCB Homologs ond
homers in the Avion System." ARCHIVES OF ENVIRONMENTAL CON-
TAMINATION AND TOXICOLOGY 2 (1974): 195-212.

Detailed comprehensive experimental review of PCBs in birds.
Good bibliography.

Cecil, Helene C., et ol. "Ef fects of Polychlorinolrd Biphr-nyls ond
Trrphenyli ond Polybrominalcd Biphenyls on Penlohorbilol Sleeping Times
of Japanese Quail." ARCHIVES OF ENVIRONMENTAL CONTAMINA-
TION AND TOXICOLOGY 3 (1975): IH3-97.

DDT and melhoxychlor lengthen sleeping lime, but it is short-
ened with the several Arochlors used in this study. Presum-
ably means increased metabolism of penloborbilol by induced
liver microsomol enzymes. Degree of expression correlated
with chlorine content.

Clausen, J., et ol. "The Content of Polychlorinoled Hydrocorl>oni in
Arctic Mammals." BULLETIN OF ENVIRONMENTAL CONTAMINA-
TION AND TOXICOLOGY 12 (1974): 529-34.

Mammals studied were four seal species, polar bear, polar {or,
ond sheep. DDE and'PCB were found in all. Highest level
was DDE (1.25 ppm, lipid) in bear which also contained
21.0 ppm PCB; highest PCB in porpoise was 1 1 . 4 ppm. AlHiin
was present in mosl samples. Sources ore probably olgie ond
fish which concentrate the compounds ond which ore distributed
northward by the Gulf Stream.

864 Croigie, J.S., ond Hutzinger, Olllol. "Effects of Commercial CMoii-
noted Hydrocarbons and Specific Chlorobiphenyls on the Growth of
Seven Species of Marine Phytoplonkfon." CHEMOSPHERE 3 (1975):
139-44.

Many PCB formulations used to dctcimine e f fec ts on growth.
Some PCB hod no effect; some species depressed, others not
depressed al lower ranges. But no species grew ot 100 ppm
of any PCB. Highly chlorinated hiphrnyls scent Iru lo* ic.

865 Crosby, Donald G., ond Moilonen, Kenneth W. "Pholodr-coTiposifi'm
of Chlorinated Hiphenylt ond Dihen/ofumns. " flllLlfllN Or (MVII'OH-
MENTAL CONTAMINATION AND TOXICOLOGY 10 (1973): 372-77,

DDT ond DDE ore converted in port to di-, Iri-, ond Iptro-
chlor obiphenyls under simulated atmospheric irradiation.
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Would be expected to precipllote in roinfoll if foiffv f* ol-
mosphere. Possibly degrodolive effect from ullroviolet com-
ponent of sunlight. For o review of this work, see T.H.
Mouqti II in section 5, DOT and Its Derived Relatives, ODD
and DDE.

866 Gump-Wleiner, Horn J., el al. "A Study of the Distribution of Poly-
chlorinolrd Biphenyls in the Aquatic Environment." PESTICIDES MONI-
TORING JOURNAL 8 (1974): 157-61.

Residues ubiquitous in aquatic environment. Range of sam-
pling In nineteen stoles showed O.I microgAg in water, and
from O.S microgAg 'o 3200 microgAg in bottom sediments.
PCB also In plants and fish. Generally, monitoring plan de-
scribed.

867 Dohlgren, Robert B., and tinder, Raymond L. "Effects of Polychlorl-
noied Biphenyls on Pheasant Reproduction, Behavior, and Survival,"
JOURNAL OF WILDLIFE MANAGEMENT 35 (1971): 315-19.

Experiment with pheasant chicks from hens receiving 50 mg
PCB weekly. Chicks placed on a "visual cliff for up to
five minutes either jumped la the visually deep side or made
no choice In significantly larger proportion than did those
from untreated hens. Effects are similar lo those of dieldrin
on behavior.

868 Dohlgren, Robert B., el ol. "Effects of Stress on Pheosonls Previously
Given Polychlorinoled Biphenyls." JOURNAL OF WILDLIFE MANAGE-
MENT 36 (1972): 974-78.

Birds receiving 50 mg PCB twice o week and then alterna-
tively starved and fed for two- to three-day Intervals didn't
live as long as controls, lost weight, ond accumulated brain
tissue residues as high as 240 ppm. Conclusion: stress caus-
ing loss of weight In birds with PCB body burden can be
dangerous.

869 ____. "Storage ond Excretion of Polychlorinoted Biphenyls in the
Pheasant." JOURNAL OF WILDLIFE MANAGEMENT 35 (1971):
823-28.

Average recovery of PCB in pheasant tissues (up to 200 ppm)
was 95 percent. Absorption ond storage rapid ond high.
Eggs important source of excretion of residue, but tissue re-
tention very high nonetheless.

870 ____. "Residue Levels and Hislopathology in Pheasants Given Poly-
chlorinoled Biphenyls." JOURNAL OF WILDLIFE MANAGEMENT 36
(1972): 524-33.
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Birds dead from 210 mg PCB doily hod brain reiidue levels of
2,500 ppm, and muscle levels of 140 ppm (averages). B'oin
levels of 300-400 ppm indicate PCB toxicosis. Bird) ihol
died from PCB had smaller hearts and very small spleens (Hoe
lo lymphocyte depletion). Pheasants ore more sensitive lo
PCB than to DDT.

871 Doguchi, M., and Fukono, S. "Reiidue Levels of Polychlotinoted
Terphenyls, Polychlorinoted Biphenyls and DDT in Human Bloo'l. "
BULLETIN OF ENVIRONMENTAL CONTAMINATION AND TOXICOL-
OGY 13 (1975): 57-63.

In Japan average levels in blood of PCTs, PCB), and DDE
were 5.0 ppb, 3.2 ppb, and 11.2 ppb respectively. Interest-
ingly, PCTs hove higher levels than PCBs which ore produced
industrially in much greater volume and which have received
o good deal more attention as environmental pollutants. See
references In this paper for more on PCTs.

872 Dustman, Eugene H., et ol. "The Occurrence and Significance of
Polychlarlnoted Biphenyls In the Environment." TRANSACTIONS OF
THE THIRTY-SIXTH NORTH AMERICAN WILDLIFE AND NATURAL RE-
SOURCES CONFERENCE, 1971, pp. 118-33.

Good general coverage and reference list with regard lo fish
and gome species.

873 Fujiwara, Kunfsoto. "Environmental and Food Contamination with
PCB's in Japan." SCIENCE OF THE TOTAL ENVIRONMENT 4 (1975):
219-47.

Excellent summary paper that should be a model for other in-
dustrial notions. Japan has hod the only large scale PCB
poisoning In man (1968) although at first it was called food
poisoning. In 1971 Japan abruptly stopped the production,
use, and importation of PCBs. No other notion has.

874 Greichus, Y.A,, et ol. "Effects of Polychlorinoted Biphenyls in Biirl
Tissues and Arochlor Standards with Gos Chromoloqrophy ond Moss
Speclrometry." BULLETIN OF ENVIRONMENTAL CONTAMINATION
AND TOXICOLOGY II (1974): 113-20.

All major PCBs occur In cormorant tissues ond eggs; Arochlor
1254 ond 1269 (commercial mixtures) also occurred In pelican
fat.

875 ____. "Physiological Effects of Polychlorinoted Biphonyls or o Com-
bination of DOT, ODD, ond DDE in Penned While Pelicans."
ARCHIVES OF ENVIRONMENTAL CONTAMINATION AND TOXICOL-
OGY 3 (1975): 330-43.

181



Synthetic Organic Compounds

Detailed accounting of various chemical effect! on organs or
blood chemisliy. There seem to be no particular additive
effects of the several types of chlorinated hydrocarbons.

876 Honsrn, D.J., el ol. "Arochlor 1016: Toxicity to and Uptake by
Esluorlne Animals." ENVIRONMENTAL RESEARCH 7 (197-1): 363-73.

This PCB was tested with oyster) (Crossostren), brown shrimp
(Pcnocus), gross shrimp (Polocinonc'os), ond pinfish (Logoclon).
It quickly become quite toxic to invertebrates, but prolonged
enposure was required in pinfish. Tissue ef fects were ex-
hibited In pinfish.

677 Hoque, Rizwonul, et ol. "Aqueous Solubility, Adsorption and Vopor
Behavior of Polychlorinated Biphenyl Arochlor 1254." ENVIRONMEN-
TAL SCIENCE AND TECHNOLOGY 8 (1974): 139-42.

Aqueous solubility about 56 ppm. Adsorption depends on sub-
strate; sand adsorbs little, loams much more. Vopor loss is
significantly higher from sand than from soil.

,6/if'i pUorvey, Glcorge). R., el ol. "Polychlorobiphenyls in North Atlantic
Ocean Wolcr." SCIENCE 180 (1973): 643-44.

Average concentration of PCBs in North Atlantic is 20 ppl;
estimated 2 x 10 metric tons of PCBs in upper 200 meters of
woler. Less in Sargasso Sea. Environmental half-life of
PCBs much longer Ihon DOT metabolites.

879 Hesselberg, Robert J., ond Scherr, Dovid D. "PCB's ond p.p'DDE In
the Blood of Cachetic Patients." BULLETIN OF ENVIRONMENTAL
CONTAMINATION AND TOXICOLOGY II (1974): 202-5.

Patients hod severe stresses, r-ence high metabolic fat with-
drawal, as do wild species under stress. Average DDE
(21 ppb) in patients' blood was higher than in normal blood.
Still, no clear evidence of nervous system effects.

880 Hill, Elwood F., et al. "Polychlorinated Biphenyl Toxicity to Japanese
Quail as Related to Chlorinolion." POULTRY SCIENCE 53 (1974):
597-604.

Chlorine percentage (In the different PCBs) correlates positively
with avion toxicity, but apparently PCB toxicity is not simply
o function of chlorinotlon. Positioning of chlorine atoms on
benzene rings may effect toxicity.

881 Holmes, D.C., et ol. "Chlorinated Hydrocarbons in British Wildlife."
NATURE 216 (1967): 227-29.
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PCBs detected in wildlife. In bird livers and eggs there is
often more PCB than orgonochlorine pesticide residues. PCBs
toxic but adverse effects not known. Highest levels in terres-
trial predators ond in marine fish-eating birds. This poper
was on early mention of PCB residue contamination, following
the Swedish announcement in prior year.

882 Hutzinger, Otto, et ol. THE CHEMISTRY OF PCB'S. Cleveland,
Ohio: CRC Press, 1974. 269 p.

Comprehensive summary of the chemistry of the chlorobiphenyls,
but does not Include much on toxicology ond other biological
aspects. Does have section on occurrence ond accumulation
in the environment.

883 Hutzinger, Olltol., et ol. "Polychlorinoled Biphenyls: Metabolic Be-
havior of Pure Isomers in Pigeons, Roll ond Brook Trout." SCIENCE
178 (1972): 312-13.

Excreta examined showed alterations of some isomers in rots
and pigeons; but no hydroxymolobolites were detected in ex-
creta of brook Irout.

884 Jensen, S. "Report of o New Chemical Hazard." NEW SCIENTIST
(England) 36 (1966): 612.

First report on PCB residues in wild species in Swrden.

885 Kaiser, Klous L.E., ond Wong, Paul T.S. "Bacterial Degradation of
Polychlorinoted Biphenyls. I. Biodegradalion of Some Metabolic Pro-
ducts from Arochlor 1242." BULLETIN OF ENVIRONMENTAL CON-
TAMINATION AND TOXICOLOGY II (1974): 291-96.

A bacterial culture, isolated from lake water, degrades fairly
high concentration of commercial PCB. Some metabolites
identified.

886 Koemon, J.H., ct ol. "Chlorinated Biphenyls in Fish., Muiiclt on,I
Birds from the River Rhine and the Netherlands Coastal Area."
NATURE 221 (1969): 1126-27.

PCBs ore widely occurring in these regions. PCBs with fewest
chlorine atoms were found in fishes but not in birds. This
implies that lesser chlorinated PC8s persist less ond perhaps
hove lesser toxicily. PCBs make detection of other chlori-
nated hydrocarbons difficult. DDT, DDE, ond telodrln were
also found.

887 Lincer, Jeffrey L., and Peokoll, David B. "Metabolic Effects of Poly-
chlorinoled Biphenyls in the American Kestrel ." NATURE 228 (1970)-
783-84.
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Eslrodiol breoks down to a more polar metabolite In liven of
Arochlor-fed kestrels. The tote of breakdown ii dose-dopen-
dent, PCBs induce liver enzymes. Action is similar to DDT
ond metabolites.

BBS ____. "PCB Plxjimocodynomics in the Ring Dove ond Eoily Cos Cbro-
motographlc Peok Diminution." ENVIRONMENTAL POLLUTION 4
(1973): 59-66.

Ring dcMes were given daily dose of 10 ppm ArocMor 1254.
There was linear Increase of PCB in tissue until 105 days with
asymptote ol 80 ppm. Total analysis: In fat 797 ppm; In
feces 2.27 ppm. Authors suggest that comparable levels found
In starvation-stressed birds in Irish Sea in 1969 indicate that
PCB was probably not the cause of death in these birds.

889 Linko, R.R., et al. "PCB Residues in Plankton ond Sediment in the
Southwestern Coost of Finland." BULLETIN OF ENVIRONMENTAL
CONTAMINATION AND TOXICOLOGY 12 (1974): 733-38.

Plankton has relatively high amounts—0.04 to 0.75 ppm wet
weight, ond 4 to 77 ppm lipid weight. About the same as in
fish. Amounts in sediments very low compared to plankton.
PCBs do not sink to sea bottom. The source of animal con-
tamination is the immediate surface of the sea.

B90 Lilleril, Charles 1., and van Loon, Edward J. "Time-Course of Induc-
tion of Microsomol Enzymes Following Treatment with Polychlorinated
Biphenyl." BULLETIN OF ENVIRONMENTAL CONTAMINATION AND
TOXICOLOGY II (1974): 206-12.

Significant levels of enzyme induction within seven days.
Occurs even with single oral doses. Discontinuation of dosage
slowly reduces induction to normal in about ten days.

891 Masuda, Yoshita, et al. "Comparisons of Polychlorinoted Biphenyls in
Yusl.o Patients ond Ordinary Persons." BULLETIN OF ENVIRONMENTAL
CONTAMINATION AND TOXICOLOGY II (1974): 213-16.

PCB hazard known since 1966 (Sweden). There was a mass
outbreak of human poisoning (colled "Yusho") by PCB-con-
tominated rice oil in Japan in 1968. Average value of PCBs
slightly higher in Yusho patients. Milk in one Yusho patient
contained 0.06 ppm.

892 Mough, Thomos H. II. "DDT: An Unrecognized Source of PCB."
SCIENCE 180 (1973): 578-79.

Reported that DDT vapor can be converted to PCBs by irradia-
tion with ultraviolet light of the some wavelengths present in
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sunlight In the lower otmosphere. DDT and DDE ore generally
Inert in sunlight, but not true of llicir vapors. Effect is sub-
stitution of one environmental contaminant willi another.

893 Metcalf, Robert L., el ol. "Laboratory Model Ecosystem Studies of Ilie
Degradation ond Fate of Radiolobelled Tri-, Tetia-, Pcnlachloiobiplieny!
Compared with DDE." ARCHIVES OF ENVIRONMENTAL CONTAMI-
NATION AND TOXICOLOGY 3 (1975): 151-65.

"Trl-" degraded much more rapidly than others. "Penta-"
about the same as DDE. Linear relationship between lipid/
water partition water solubility, and ecological magnification.
No evidence of conversion of DDE to PCB. Good reference
list.

894 Morgan, Janet R. "Effects of Arochlof 1242 (a Polychlorinoted Biphe-
nyl) ond DDT on Cultures of on Alga, Protozoan, Doplmid, Ostrocod,
ond Guppy." BULLETIN OF ENVIRONMENTAL CONTAMINATION
AND TOXICOLOGY 8 (1972): 129-37.

ArocMor (but not DDT) inhibited growth of Chlomydomonas
(alga) and concentrated over medium in the oTgo. Dophnio
and the Cladoceron (Cypridopsis) highly susceptible to bold
Arochlor and DDT. Young guppies died in medium ol 2 ppm
Arochlor, a lower loxicily than p,p'-DDT. Clearly, Aro-
chlor can concentrate in basal members of food chain.

895 Mosser, Jerry L., et ol. "Interactions of PCBs, DDT and DDE in a
Marine Diatom." BULLETIN OF ENVIRONMENTAL CONTAMINATION
AND TOXICOLOGY 12 (1974): 665-68.

Authors suggest thol organochlorlnes and PCBs may interact
for greater toxicity then shown singly.

896 ____. "Polychlorinoted Biphenyls and CDT Alter Species Composition
in Mixed Cultures of Algoe." SCIENCE 176 (1972): 533-35.

Each chemicol was added to mixed cultures of a marine dia-
tom ond o marine green alga ond produced similar ef fects.
Diatoms grew foster in controls; dominance diminished in
treated cultures, even ol concentrations of chlorinated hydro-
carbons that hod no effect in pure cultures. Stable pollutants
could disrupt species composition of phyloplonkton communities,
thereby affecting whole ecosystems, (There is no field evi-
dence of this, however.)

897 Nimmo, D.R., el ol. "Accumulation of Arochlor M254 in Gross Slirimp
(Poloemonetes pugio) In Laboratory ond Field Exposures." BULLETIN OF
ENVIRONMENTAL~CONTAMINATION AND TOXICOLOGY II (1974):
30J-B.
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Study of o tlirimp lira! is eiluorine throughout ill life cycle;
shown to be biooccumulolor of residues. But lesser exposure
Ihon species willi peloglc phose in life cycle. Sh'lmp ex-
posed to PCB-conlomlnoted sediments occumuloled 0.42 mg/kg
ofter three months without significant mortal i ty. Higher ac-
cumulation and mortality in laboratory tests .

898 ___ . "Toxiclly of Arochlor 1254 and Its Physiological A c t i v i t y in
Several Estuorine Ocgonismi." ARCHIVES OF ENVIRONMENTAL CON-
TAMINATKDN AND TOXICOLOGY 3 (1975): 22-39.

High concentrations in Florida estuary; present in all compo-
nents. Toxicily test! indicate organisms sensitive at ppb le-
vels; a dilate protozoan, two genera of shrimp, and killi-
fisli effected at or near 1.0 ppb. Shrimp concentrated PCB
in tissue from as low at 0.04 ppb in water. Pathological
changes in oysters, In spot (fish), and In shrimp. Paper com-
bines field and laboratory data well.

899 Nisbet, Ion C.T. , and Sorofim, Adel f. "Roles and Routes of Trans-
port of PCB'j in the Environment." ENVIRONMENTAL HEALTH PER-
SPECTIVES I (1972): 21-38.

Identifies sources, amounts, and problems connected with PCBs
In all ports of the environment. Note particularly bioconcen-
trolion model and DDT/PCB residue ratios.

900 Panel on Hazardous Trace Substances. "PCBs — Environmental Impact."
ENVIRONMENTAL RESEARCH 5 (1972): 249-362.

Excellent detailed review of PCBs. Much original data.
Tables In text and extensive bibliography.

901 Peakoll, Dovid B. "PCB's and Their Environmental Effects." CRITICAL
REVIEWS IN ENVIRONMENTAL CONTROLS 6 (1975): 469-508.

The most Important review of the subject. Two hundred fifty-
one references. All aspects of PCBs discussed.

902 ____ . "Polychlorinoted Blphenyls: Occurrence and Biological Effects.
RESIDUE REVIEWS 44 (1972): 1-21.

PCBs now widespread, paralleling DOT In concentration.
Very stable; will persist for many years. Chief manufacturer
has restricted production. PCBs embryotoxic in 10 ppm range.

903 Risebrough, Robert W., el ol. "PCB Residues In Atlantic 7ooplonkton.
BULLETIN OF ENVIRONMENTAL CONTAMINATION AND TOXICOL-
OGY 8 (1972): 345-55.

Synthetic Organic Comrjoun<!s

In mony areas ol the Atlantic Ocea PCB residues exceed
those of DDT, PCB in lipids of zooplonkters from llie con-
tinental shelf ranged from 2.4 to 260 ppm. From shelf ond
slope (wet weight) levels were about 1.5 ppm ond 0.15 ppm
respectively.

904 ____. "Polychlorinaled Biphenyls In the Globol Ecosystem." NA-
TURE 220 (1968): 1098-1102.

This was the f irst announcement that these persistent waste
products ore distributed worldwide, survive in environment
ond tissues for long periods, ond accumulate in food chains.

905 Rote, James W., and Morris, William J. "Use of Isolopic Abundance
Ratios in Identification of Polychlorinoted Biplienyls hy Moss Speclio-
metry." JOURNAL OF THE ASSOCIATION OF OFFICIAL ANALYfl-
CAL CHEMISTS 56 (1973): 188-99.

This method provides unambiguous identification of PCBs in the
presence of other substances.

906 Rote, Jlomesl. W., ond Murphy, Philip G. "A Method Co. the Quantito-
tion of Pol/chlorinated Biphenyl (PCB) Isomerj." BULLETIN OF ENVIRON-
MENTAL CONTAMINATION AND TOXICOLOGY 6 (1971): 377-84.

PCBs ore complex mixtures of isomers loving different degrees
of chlorinotion. Peaks on chromotogroms depend on chlorino-
tion In varieties of-Arochlors.

907 Stickel, Lucille F. "Biological Data on PCBi in Animals Other Than
Man." In POLYCHLORINATED BIPHENYLS AND THE ENVIRONMENT,
pp. 158-72. Interdepartmental Task Force on PCBs. Springfield, Vo.:
National Technical Information Service, for U.S. Deportment of Com-
merce, 1972.

A summary review of PCB effects on wild species of animals.
Comparisons mode with chlorinated hydrocarbon pesticides.
Author is one of several representatives of federal agencies
contributing to this publication.

908 Sugiura, K., et ol. "Accumulation ond Excretion of PCBs in the
Mouse." CHEMOSPHERE 3 (1975): 181-87.

Detailed chemistry Indicating that residues of PCB depend on
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Occurrence and Methods of Control of
Chemical Contaminants in Foods
by C. Jelinek*

Contamination of food by chemicals can result from their use on agricultural commodities:
accidents or misuse during food handling and processing; nuclear weapon testing and operation
of nuclear power plants; and disposal of industrial chemicals or by-products with subsequent
dispersal into the environment. The Food and Drug Administration (FDA), as the Federal
agency mainly responsible for evaluating the hazards of chemical contaminants and enforcing
any established tolerance levels for them in foods, has been monitoring pesticides, industrial
chemicals, metals, and radionuclides in foods in its nationwide programs for many years. In
addition. FDA searches for potential contaminants among the approximately 50.000 industrial
chemicals manufactured in the United States and coordinates its efforts with those of other
Federal and state agencies in these investigations. The overall results of the FDA surveillance
and compliance programs for chemical contaminants in foods, as well as specific examples
illustrating the wide range of incidents and types of occurrences, are presented.

Introduction
Incidents that release chemicals into the environ-
ment often occur as a result of human activities.
Such chemicals, which include pesticides, other
industrial chemical contaminants, metals, and radi-
onuclides, can also enter food by accident or misuse
during food handling or processing. The Food and
Drug Administration (FDA) programs for monitoring
and controlling levels of contaminants in foods, the
results the agency has obtained, and the steps
being taken to improve these monitoring programs
are presented.

The overall planning, coordinating, and evaluat-
ing required to make these programs productive is
carried out at the Bureau of Foods. The samples
are collected and analyzed in most cases, however,
by 16 of the 21 FDA Districts in various Regions
throughout the United States. These Districts have
laboratories equipped for carrying out chemical
analyses; this arrangement provides considerable
flexibility in dealing with local problems when they
arise.

•Food and Drug Administration. Bureau of Foods, 200 C
Street, S.W.. Washington. D.C. 20204.

The purpose of the monitoring activities can
vary, depending on the nature of the contaminant
involved and FDA's knowledge of the extent of its
occurrence in the food supply. Consequently, some
continuing field programs such as the Total Diet
Studies, the Heavy Metals Program, and the Radio-
nuclides Program are primaily surveillance-oriented,
whereas FDA field programs for pesticides and
polychlorinated biphenyls (PCBs) in agricultural
products and for pesticides, PCBs, and metals in
fish are compliance-oriented. These latter programs
are carried out primarily to determine whether the
contaminants in question are present in excessive
levels in foods and to remove the foods from the
market if they contain violative levels. The pro-
grams dealing with special contaminants, however,
are exploratory in nature and, depending on the
particular situation, may involve either surveil-
lance or compliance.

Pesticides
Residues of pesticides occur in foods or animal

feed as a result of their use (either permitted or
unauthorized) on the commodities concerned and
through their entry into the general environment.
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As the first step in the control of pesticide
occurrence in foods, the Environmental Protection
Agency (EPA) permits the commercial use of a
pesticide only after the petitioner has submitted
sufficient information to demonstrate that the pes-
ticide can be used safely and efficaciously on the
crops concerned. EPA issues regulations concern-
ing labeling . use on specified crops, and levels or
tolerances that will be allowed.

Surveillance for pesticides on various commodi-
ties is carried out by the states on products moving
in intrastate commerce and by FDA and the United
States Department of Agriculture *USDA) ori those
moving in interstate commerce. Finally, EPA can
and does change the registration of a pesticide to
reduce or prohibit its use if new information indi-
cates this is necessary.

There are about 280 pesticides registered by
EPA for current use on food or animal feed
commodities. Although monitoring for these pesti-
cides is complicated by the number of different
crops on which each may be used, the acreage
involved in food and feed production, and the
sophistication of many of the residue analytical
methods required, FDA has, nonetheless, carried
out nationwide programs for many years.

At present, FDA collects and analyzes about
8500 samples of various domestic and imported
agricultural commodities for pesticides and PCBs;
determines pesticides, PCBs, mercury, and other
contaminants in about 1200 samples of domestic and
imported fish; and also examines about 750 samples
of animal feeds. Other government agencies (Fed-
eral and state) also monitor various foods for
chemical residues.

As might be expected, the occurrence of the
organochlorine pesticides has decreased significantly,
as a result of the complete or partial bans on their
use on crops. This downtrend, however, is not so
noticeable in fish, milk, and eggs because of the
stability of these pesticides in the environment and
their propensity to bioaccumulate in fatty tissues.
The overall level and rate of occurrence of the
organophosphorus pesticides has increased to some
extent, but not so much as might be expected from
their greatly increased usage. This difference reflects
their relative instability in the environment. The
rate of overtolerance findings for domestic commodi-
ties in these programs is about 3%; that for imports
is slightly higher.

Since it is much more efficient to determine a
group of "chemicals in one analysis, rather than one
at a time, FDA relies mainly on the use of
multiresidue methods and can determine about 230
pesticides and their alteration products by these
means.
N4

In the past year or two. FDA has instituted
several changes to make these field programs even
more effective. Each pesticide is presently being
evaluated to determine the relative hazard it may
present as a food contaminant. Such factors as
production volume, crop usage, environmental sta-
bility, and toxicity are used in this assessment. For
those pesticides having higher hazard classifications,
monitoring will be carried out on crops on which
they are used. This evaluation will also be valuable
in guiding analytical methods research for pesti-
cides, including those not amenable to analysis by
multiresidue methods.

Until recently, FDA's Pesticide Program was
planned and directed in detail from headquarters in
Washington. In order to provide more flexibility,
each District now plans its own monitoring pro-
gram for chemical contaminants in agricultural
products and fish, with general guidance from
headquarters, and also develops information on
pesticide usage and on disposal of industrial chemi-
cals in its own area. More resources have been
made available to each District to carry out these
activities. General crop and usage information will
still be developed and be made available to the field,
and results from the field will be followed on a
continuing basis by headquarters so that significant
information can be exchanged between Districts.

Industrial Chemicals
In the late 1960s, it became evident that indus-

trial chemicals can contaminate foods, even though
they are not intentionally used on agricultural
products or in processed foods. Contamination by
industrial chemicals may be due to various causes,
the chief of which are: their use as components in
food processing equipment, cross-contamination of
food and nonfood formulations, use as components
in chemical processes or equipment, disposal of
unwanted by-products, and ultimate dispersal into
the environment.

Contamination by Components of Food
Processing Equipment

A prime example of widespread food contamina-
tion by a component of food processing equipment
was the leakage of a PCB-containing heat exchange
fluid in 1972 into fish meal which was being pasteur-
ized in a North Carolina plant. This meal was
incorporated into poultry feed and resulted in the
contamination of poultry and eggs. As a conse-
quence of this and similar instances, FDA estab-
lished regulations in 1973 which prohibit the use of
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PCBs in "unsealed" equipment in plants processing
food, feeds, and food packaging materials (7). Since
then, some leaks of PCB fluids have occurred from
"sealed" electrical equipment such as transformers
and capacitors. A leaking transformer in a Montana
packing plant in 1979 led to the widespread PCB
contamination of animal feed, poultry, hogs, eggs,
and foods containing the latter (2). As a result
FDA. EPA. and USDA have proposed regulations
which would ban PCB-containing transformers and
capacitors in food, feed, food packaging material,
and agricultural chemical plants (2). In the mean-
time, all three agencies have sent a technical
brochure (3) to all establishments under their
jurisdictions describing what can be done on a
voluntary basis to prevent such incidents.

Cross-Contamination of Food and
Nonfood Formulations

Sometimes industrial chemicals enter the food
supply by a mistaken use of a product in a formula-
tion, the accidental substitution of a polybrominated
biphenyl (PBB), a flame retardant, for magnesium
oxide in an animal feed product in 1974 U) is a good
example. Foods such as milk and meat were
extensively contaminated. After an incident of this
type, FDA uses as much of its resources as possible
to aid the state affected and to prevent contami-
nated foods from entering widespread interstate
commerce. In the PBB incident, FDA's Detroit
District maintained constant contact with the State
of Michigan and provided extensive assistance,
especially laboratory support. In addition, FDA
carried out a special nationwide survey for PBBs in
products such as milk and eggs (5, 6). The results
showed that the contamination of food did not
extend to other states to any significant degree.

Component of Chemical Processing
Equipment

An example of the contamination of food by a
component of chemical processing equipment was
the extensive contamination of fish by the mercury
used in the electrolytic cell for production of chlo-
rine and sodium hydroxide (7). After it was discovered
in 1969 that mercury entering the waterways could
be converted to methylmercury by bacteria in
sediments and could accumulate in fish (8), strict
effluent guidelines fpr mercury were established.
As a result, the amount of mercury introduced into
water from those plants was reduced from about
1.200.000 Ib to less than 20,000 Ib per year by 1973.
This in turn has led to a decrease in mercury levels
June 19S1

in estuarine and freshwater fish. At the same time.
FDA has enforced its action level for mercury in fish.

Disposal of Unwanted By-Products
Contamination of the food supply by an unwanted

by-product occurred several years ago when the
still-bottoms from a perchloroethylene plant were
routinely disposed of while hot (5). This material
contained various by-products including hexachlor-
obenzene (HCB), which subsequently escaped into
the atmosphere and settled on crops and forage.
Thousands of cattle feeding nearby became contam-
inated with HCB. Subsequently, the company
effected better control of its effluents, and there
have been no more known instances of HCB con-
tamination of food animals near this plant. Another
producer has installed well-designed incinerators to
burn the tar; this method is probably the best way
to dispose of such by-product materials.

The common presence of the DDT family and of
PCBs in fish is a graphic illustration of the escape of
these products into the aqueous environment at
various steps of their processing, use. and disposal.

PCBs
For years FDA has been monitoring agricultural

products and fish for PCBs in its field programs.
The multiresidue analytical method employed for
organochlorine pesticides also determines PCBs.
Generally, PCBs have been found only in animal-
derived products—fish, milk, eggs, cheese—and
also in animal feed components such as fish meal or
other animal-derived products.

PCBs still continue to be found in animal feeds
and their components, but to a lesser degree than in
fish. The occurrence in feeds is generally not
reflected in milk, eggs, cheese, or meat, where
findings each year vary from zero to several per-
cent of the samples examined. Minor increases in
findings in certain years usually reflect isolated
incidents of PCB contamination. Such incidents can
be expected to continue, and FDA undoubtedly will
need to monitor for PCBs on a nationwide basis for
many years.

The PCB findings in individual foods are confirmed
by the results obtained in FDA's Total Diet Studies
(9). The Composition of the Total Diet is based on
the USDA survey of 1966, and is typical of the
intake of the teenage male, the heartiest eater in
the United States. (A new Total Diet, reflecting'
more recent surveys, is now being developed.) The
foods in the market baskets are made table-ready
and combined into composites of 12 food categories
for subsequent analysis.
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Table 1. Percentages of Total Diet composites containing PCBs.

Food class composites

Fiscal year

1972
1973
1974
1975
1976
1977
1978
1979

Dairy'
products

6
10
—
—
5

—
—
o

Meat. fish,
poult ry

46
33
43
40
5

35
30
10

Grains. Oils. fats,
cereals Potatoes Legume vegs Root vegs Garden fruits shortening

6 — 6 3
17 3 — —
— _ _ _
_ _ _ _
— _ _ _
5 — — —

— — 10 —

3 .17
— 3
__ __

__ __

__ __

— 20
— 5
— 5

Sugar and
adjuncts

6
—
3

__

__

. __

__

——

In FDA's Total Diet Studies. PCBs have been
found consistently in only the meat, fish, and
poultry composite (Table 1). In most cases, the
source is the fish in this composite. Significantly,
PCBs have been much less prevalent in the diet
since 1973, when FDA promulgated tolerances for
PCBs in various foods, prohibited their use in most
industrial fluids in food and feed plants, and estab-
lished an action level in paper food packaging
materials (1). Some of these tolerance levels were
subsequently lowered in 1979, when new informa-
tion indicated PCBs are more toxic and that they
are more persistent in the environment than had
previously been thought (10).

Metals
FDA has accorded highest priority to mercury,

lead, cadmium, arsenic, selenium, and zinc in its
investigations of contamination of foods by toxic
elements (11). AH of these elements occur in the
earth's crust and, therefore, are present naturally
in all foods to some extent. In addition, they have a
variety of uses. It is important that their disposal
does not lead to a substantial increase in their levels
in the aquatic environment or in the soil.

Because of their toxic behaviors and their levels
in foods, FDA has concentrated most of its atten-
tion on mercury, lead, and cadmium and, since
1972, has devoted more of its resources to lead and
cadmium than to the other metals.

Infants are particularly susceptible to the haz-
ards of lead contamination (12) for a variety of
reasons: (1) toxic effects occur at lower threshold
levels in children; (2) they absorb a higher propor-
tion of the lead ingested than do adults; (3) they
ingest more food per-pound of body weight; (4) their
central nervous systems are more sensitive to lead
than those of adults; and (5) infants and children
frequently ingest high levels of lead from nonfood
146

sources such old paint, dirt, or house dust. For
cadmium, damage to the kidneys in middle age
after cumulative ingestion of low concentrations of
this metal is the first effect to be noted from the low
level intake of this metal (13).

In the early 1970s. FDA carried out extensive
surveys on individual foods and on composites in
the Total Diet Studies to relate levels of lead and
cadmium found in food to daily intakes. The aver-
age daily intakes can be calculated from the Total
Diet Studies because both the level of lead and
cadmium in each composite and the average amount
of each composite consumed per day are known.
The daily intakes can also be estimated if the levels
of the metals in enough foods of dietary importance
have been measured because the average amount
consumed per day of each food item will be known.
The intake estimated by the latter approach is
always higher (and probably more accurate) than
that calculated from the Total Diet Studies because
food items which do not contain measurable amounts
of a contaminant may have a diluting effect and
prevent its detection in the same Total Diet Study
composite.

For a teenage male, we have estimated the
average lead intake derived from the individual
foods to be about 220 jig/day, compared with the
tolerable daily intake of about 430 ng/day (13),
proposed by the Food and Agriculture Organiza-
tion/World Health Organization (FAO/WHO). For
cadmium, however, the estimated dietary intake of
57 jig/day (H) approximates the suggested FAO/WHO
tolerable intake of 57-71 M-g/day (13).

One controllable source of lead in the food supply
is the lead-containing solder in tin cans. In 1972,
FDA encouraged the can-making and the canned
food industries to reduce the lead levels in their"
products. Since then, FDA has followed their
programs to decrease lead in foods, especially for
infants (15). From FDA and industry data, it was
estimated that the daily dietary intake for lead in
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1974 was about 65-115 ng/day for infants in the
2-month to 2-year age group (16). In comparison, it
has been recommended that for infants under 6
months of age and for children in the 6-month to
2-year age group, total lead intake from all sources
should not exceed 100 and 150 (ig/day, respectively
(17).

The average lead levels in various infant foods
are now only 10-20^ of those originally found
several years ago (Table 2). Industry has achieved
this significant improvement by a variety of means,
including better control of raw products, technical
improvements in can-making and canning.' and
changing from lead-soldered cans to other contain-
ers. Another factor contributing to this accom-
plishment was the fact that PDA informed industry
of its concern, convinced them of the need to
improve, and stayed in close touch with them while
their programs were implemented.

In July, 1979, PDA published a Notice of Intent
(15) in which the achievement of a 50% reduction in
the amount of lead contributed to food by lead-
soldered cans was stated as a goal to be attained
within 5 years, and certain information and data
were requested to guide subsequent Agency ac-
tions. The Notice of Intent stated that, after the
receipt and evaluation of this information, action
levels for lead in infant juices, glass-packed infant
foods, infant formula, and evaporated milk would
be set by PDA, followed by action levels for lead in
"adult foods" eaten b& the young. --

With respect to cadmium, the data developed by
PDA do not indicate that the handling, processing,
and shipping of food cause a noticeable increase in
cadmium content in foods (U). PDA estimates for
cadmium intake do suggest, however, that no new
practice leading to a significant increase in cadmium
in the diet should be instituted.-The increased.
application of municipal sewage sludge to crop land
several years ago with little or no control is an
example" of such an action (18). The appropriate
utilization of municipal sludge on lands (19) with

Table 2. Decrease in lead levels in foods for infants.

Type of food

Average lead levels, ppm

Start of program Current

Glass- packed
Infant juices
Infant formula'
Evaporated milk

0.15
0.301

0.10*
0.52*

0.25
0.15b

0.015"
0.09*

•Lead-soldered cans.
•"Glass-packed.
'Ready-to-feed basis.
dSome changes from lead-soldered cans.

June 1981

specific controls for cadmium has been developed
by the combined efforts of PDA. EPA. and USDA.
EPA's latest criteria for the application of solid
waste to land will unquestionably reinforce other
efforts being made to reach this goal.

Radionuclides
The presence of radionuclides in foods may result

from natural occurrence (such as potassium-40),
atmospheric testing of nuclear weapons, operations
of nuclear power plants, and accidents.

PDA's monitoring program for radionuclides con-
sists of three main segments: radionuclides in
imported foods, the Total Diet, and foods collected
near nuclear plants (20).

PDA has monitored imports of various foods for
strontium-90, iodine-131. ruthenium-106, cesium-
137, and potassium-40. The first four are represen-
tative of fallout products, and potassium-40 is a
naturally occurring radionuclide. Strontium-90 is
the only man-made nuclide found regularly in all
imported food types, but at levels too low to
present a hazard to the consumer. Cesium-137 is
found less regularly, and iodine-131 and ruthenium-
106 have almost never been found in any samples
analyzed by PDA.

Only strontium-90 (and, of course, potassium-40)
are detected with any consistency in the Total Diet
samples. The average daily intake calculated from
these findings is around 11 picocuries/day of
strontium-90, well below any level of concern. No
particular trend has been noted in the levels of
strontium-90 intake in the Total Diet samples since
this progam was instituted in 1973.

In the PDA studies of foods grown near nuclear
plants, samples of milk, fish, vegetables, fruits, and
grains harvested near eight nuclear plants are
regularly examined. Four different plants per year
are now substituted for a like number on the list.
Originally, tritium was the only radionuclide mea-
sured, and an increase in tritium levels is an
indication of reactor leakage. More recently, scan-
ning for beta- and gamma-emitters was added to
detect radioactive corrosion products and fallout
products that would result from an incident or from
faulty operations.

The levels of tritium found in the food samples
have been extremely low—almost down to the
limit of detection. No upward trends have been
noted since this part of the program was instituted
in 1975. Generally, no findings have resulted from
the beta- and gamma scans of these food products.

Surveillance of foods collected near nuclear plants
was of special significance during the Three Mile
Island accident, which occurred in 1979. PDA was

i 147



in a position to measure and evaluate the resulting
contamination of food by radionuciides because
broad monitoring programs were already in opera-
tion. The FDA regular program called for the
monitoring of foods produced near the Peach Bot-
tom, Pennsylvania plant, 40 miles below Three Mile
Island, and, as part of the Total Diet Studies for
fiscal year 1979 (21), a market basket was due to be
collected at Harrisburg shortly before the incident
happened. Elevated radionuclide levels were not
found in either group of food samples.

Additionally, FDA collected and analyzed many
samples of food, primarily milk and water, from the
Three Mile Island area during and after this inci-
dent. Generally, the radionuclide levels were no
higher than those observed previously in the regu-
larly screened samples.

The background information collected in the
FDA surveillance program is similarly used to
assess radionuclide contamination of food caused by
atmospheric testing of nuclear weapons, such as the
Chinese bomb blast which produced fallout over the
Northeast several years ago.

FDA has also analyzed food samples from a
phosphate mine tailings area of Florida for radium-226
(21). Levelg in certain locally grown foods such as
citrus fruits are slightly higher there than those
found in fruit grown elsewhere; however, there
appears to be no potential danger to the consumer.
FDA is still conducting some surveillance on food
grown in the area to identify any uptrends in
radionuclide levels.

Although the FDA surveillance program for
radionuclides has never found levels believed to be
truly hazardous in any of the monitored food
samples, FDA plans to conduct these broad
monitoring programs on a continuing basis so as to
detect and evaluate both gradual uptrends and
sharp increases in radionuclide levels.

Suspected Industrial Chemical
Contaminants

It was discovered in 1969 and the years immedi-
ately following, as described earlier in this report,
that industrial chemicals, such as PCBs, can con-
taminate food.

In 1971 FDA launched a formal, continuing
program to search for as-yet-unrecognized indus-
trial chemical contaminants in foods. The chief
objectives of this program were: to anticipate and
search for these potential contaminants; to evaluate
their hazards if found in foods; and to take actions
to eliminate or minimize the problem (-22).

According to information developed by EPA's
US

Office of Toxic Substances, approximately 50,000
industrial chemicals, each containing impurities and
by-products, are manufactured in the United States.
It is possible, therefore, to investigate only a very
small fraction of these chemicals or chemical fami-
lies.

The criteria used by FDA since 1972 for selection
of potential industrial chemical food contaminants
are: production volume (the greater the amount of a
product produced and used, the more likely it is to
contaminate foods); toxic by-products: toxicity: en-
vironmental stability; solubility behavior or parti-
tion coefficient (a fat-soluble, water-insoluble mate-
rial is more likely to concentrate in the fatty portion
offish, meat, milk, and eggs); end-use pattern (the
less confined the uses of a product, the more likely
it is to cause environmental and contamination
problems); and means of disposal. These criteria
are not listed in any order of priority and are
similar to the factors now used by other workers in
the environmental field including FDA's appraisal
of pesticides as potential food contaminants. FDA
assesses information from all sources—industry,
government agencies, universities, and the literature—
in making these selections. Among the chief agen-
cies with which FDA exchanges industrial chemical
information are EPA and USDA.

Classes of materials that have been evaluated for
investigation include flame retardants, plasticizers.
electrical fluids, halogenated solvents, various chem-
ical intermediates, functional fluids, lubricating oil
additives, replacements for PCBs, and chemicals
present in sludges or wastewater.

Investigation of an industrial chemical involves
several steps (23). First, a satisfactory analytical
approach to detect and measure low levels of the
compound in the presence of many other chemicals
in food such as fish has to be developed. FDA has
established a collection of over 600 different indus-
trial chemicals for use as reference materials by
FDA district laboratories, other Federal and state
agencies, and selected researchers.

Next, information about location of manufacture
and quantity of production is needed to obtain food
samples from specified locations, often with the
active assistance of individual states. If the suspected
contaminants are found, the appropriate state or
Federal agencies are notified. FDA's monitoring
activities may be expanded, up to and including
nationwide surveys of various foods by the field
laboratories. On the basis of these results, FDA
lexicologists may then judge whether the levels of
contaminant in foods constitute a hazard to the
consuming public.

Many of the less commonly encountered indus-
trial chemical contaminants have been detected in
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these investigations. These are summarized in
Table 3. The freshwater fish has been a prime
indicator food, because most contaminants eventu-
ally enter the waterways. Since almost all of the
contaminated food samples were fish from inland
waters near manufacturer or user sites, the results
do not necessarily reflect general public exposure
but may indicate that some chemicals are in the
effluents from nearby plants or are leaching from
treatment operations or disposal sites.

Some of the main chemical families found as
contaminants in these investigations are: chlori-
nated aromatics, chlorinated aliphatics and cyclic
aliphatics, brominated aromatics, phosphate esters,
and aromatic amines.

Chlorinated Benzenes
Residues of these compounds have been found in

fish from many different geographic locations and
are apparently ubiquitous. Levels up to about 7
ppm have been found in the edible portion.

Table 3. Industrial chemicals found in foods: FDA explor-
atory program.

Type Principal areas

Chlorinated benzenes
Chlorinated toluenes

Many lakes and rivers
Niagara River. X. Y.
Bald Eagle Creek. Pennsylvania
Raritan River. N. J.
Newark Bay, N. J.

Chlorinated benzotrifluorides Niagara River. X. Y.
Raritan River, N. J.
Newark Bay, N. J.

Other chlorinated aromatics
Nitrobenzenes

Anilines, phenylmethyl
sulfides
Styrenes

Phenols and anisoles
Chlorinated cyclics

Norbornenes

Cyclopcntenes
Chlorinated aJiphatics

Butadienes

Haloforms. ethylenes,
and ethanes

Brominated aromatics

Aromatic amines

Aryl phosphates

Mississippi River;
Delaware River

Mississippi River

Lake Ontario, N. Y.
White Lake. Michigan

Many lakes and rivers

Mississippi River: Wolf Lake.
Illinois

White Lake, Michigan

Mississippi River: Ohio River:
White Lake. Michigan

Many lakes and rivers

Pine River, Michigan:
Ohio River, Ohio
Ohio River. West Virginia
Mississippi River, Iowa
Buffalo River. X. Y.
Delaware River. Delaware
Many lakes and rivers
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Chlorinated Benzyl Chlorides and
Benzotrifluorides

These chemical intermediates have been found
mainly in fish from the lower Niagara River, New
York, in levels up to about 1 ppm in the edible
portion (£4).

Other Chlorinated Aromatics
Pentachloroaniline and pentachlorophenyl methyl

sulfide are associated with the pesticide, penta-
chloronitrobenzene (PCNB). Pentachloroanisole is
derived from the pesticide, pentachlorophenol, and
is frequently found as a residue in fish in many
areas.

Chlorinated Cycloaliphatics
The chlorinated norbornene derivatives are pre-

cursors of the pesticide endrin and have been found
in Mississippi River fish below a manufacturing
plant in Memphis, Tennessee, in levels up to about
16 ppm in the edible portion (25). The chloro-
cyclopentenes were found in fish near a plant
manufacturing hexachlorocyclopentadiene (HCP) near
White Lake, Michigan, and are probably by-
products.

Chlorinated Aliphatics
The chlorinated butadienes are by-products of

chlorinated hydrocarbon manufacture. FDA has
found hexachlorobutadiene (HCBD) frequently as a
contaminant of fish, but not to any extent in other
foods (26). The findings have varied from about 0.03
ppm to 4.6 ppm in the edible portion.

Brominated Aromatics
In addition to the PBBs, low levels of several

bromobenzenes have been detected in fish collected
near a bromocarbon producer in Michigan and in
other waterways.

Phosphate Esters
FDA interest in these orthophosphate esters

results from the fact that they have replaced PCBs
in some flame retardant, plasticizer, and functional
fluid applications. Aryl phosphate residues have
been found in fish obtained near various user sites
(27) and are believed to be ubiquitous contami-
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nants. albeit at low levels (up to around 1 ppm in
the edible portion).

Aromatic Amines
These chemical intermediates have been found in

fish near dyestuff producers (28). Although the
concentrations found were low, FDA has maintained
interest in this class of compounds because of their
carcinogenic potential.

FDA regards assistance furnished to states and
municipalities as part of a policy of mutual coopera-
tion. Investigations of potential chemical contami-
nants are typically combined FDA-state efforts.
The following instances illustrate the wide range of
incidents and chemical types that have been in-
volved in these investigations:

FDA found isopropylphenyl diphenyl phosphate
in fish furnished by the State of Pennsylvania. The
samples were obtained in a creek near a steel plant
known to discharge aryl phosphates (27).

At the request of the State of Maine, FDA
analyzed samples of sediment and fish obtained in
rivers containing floating drums of tris(2,3-
dibromopropyl) phosphate (TRIS). No residues of
TRIS were found.

FDA analyzed for residues of methylene bis(o-
chloroaniline) (MOCA) in various samples from
Adrian, Michigan, furnished by the State of Michi-
gan. MOCA was present in the water and sludge
samples from an industrial lagoon, but none was
detected in fish from the nearby Raisin River (29).

Benzidine and dichlorobenzidine were found in
water but not in fish in samples furnished by the
State of Michigan. Samples were obtained near a
plant discharge point in Muskegon County.

Bis((i-chloroethyl) ether was found in water and
fish from a lake near Pitman, New Jersey, near a
dump site. Samples were furnished by the State of
New Jersey.

In Louisville, Kentucky, still-bottoms from HCP
production were dumped into the sewer system.
FDA provided assistance to Louisville and other
municipalities and supplied analytical reference
samples. High concentrations of HCP and octa-
chlorocyclopentene, as well as many other organo-
chlorine compounds, were found in the sewage
sludge.

Methylchloroform was found in samples of ice
cream and process water furnished to FDA by the
State of Massachusetts.

Conclusion
When significant levels of a recognized chemical

contaminant such as PCBs are reported, the prob-
150

lem presented is one requiring evaluation and
control. The search for new chemical contaminants.
however, poses a greater challenge because the
number of potential contaminants is always much
larger than the actual total detected. Neither FDA
nor any other single agency will ever have sufficient
personnel and resources to investigate all the
possibilities.

With the passage of the Toxic Substances Con-
trol Act, the Resources Recovery and Conservation
Act, and the Clean Water Amendments in recent
years, more and better information about the
chemicals produced, the composition of effluents
and wastewaters. the levels of chemicals in drink-
ing water, and the number and character of dump
sites is now available. In spite of this progress.
increased and unexpected demands on present
resources will make cooperation among Federal
and state agencies even more necessary than ever
before.
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I Polychlorinated Biphenyls in Indoor Air

Kathryn E. MacLeod
Analytical Chemistry Branch. Environmental Toxicology Division. Health Effects Research Laboratory, U.S. Environmental
Protection Agency. Research Triangle Park. North Carolina 27711

• Polychlorinated biphenyls (PCBsl have been recognized
as environmental contaminants since the mid-1960s. Unt i l
recently, however, little work has been done on ident ifying
levels of PCBs in the indoor air. This paper describes a method
for the analysis of PCBs utilizing low-volume indoor air
sampling. The method uses polyurethane foam as a collector
and has a limit of detection of ~0.01 Aig/nr1. This study shows
that indoor air. whether in commercial, industrial, or resi-
dential buildings, contains levels of PCBs at least 1 order of
magni tude higher than outdoor levels. Defective fluorescent
light ballasts are also shown to emit PCBs and to be an im-
portant source of indoor atmospheric contamination.

Polychorinated biphenyls (PCBs), which were commercially
available tor almost 50 yr in the United States, were in great
demand because of their nonflammability, electrical-insu-
lat ing properties and their chemical and thermal stabilities.
From 1957 to 1974 over 300 million kg were manufactured by
Monsanto Corp. and used in this country ( /) .

Starting in 1966. PCBs were discovered to be environmental
contaminants present in such diverse media as Antarctic snow
(2), human mothers milk (3), and Icelandic plants and animals
(•/). In 1971. Monsanto voluntarily cut back production and
ceased making all PCBs in October 1977, but the problem of
universal contamination is still present. For example, ato-
mospheric concentrations in the ng/m:1 range have been re-
ported recently from such widely distributed places as Rhode
Island (5), Bermuda (6), and Southern California (7).

Even with the present interest in documenating PCB levels
in the atmosphere, most of the work has been done on ambient
air. and very little is known about PCB concentrations found
indoors. However, many of the products containing PCBs were
for indoor use: textile dyes, printing inks, paints, carbonless
copy paper, fireproofing agents, small electrical capacitors,
and fluorescent light ballasts. Previous researchers have re-
ported on PCB emissions for fluorescent lighting fixtures in
offices (8), but there have been no surveys published of PCB
levels in private homes.

Until recently, the method most often used for the collection
<>f PCBs from air was to draw the air through ethylene gly-
col-filled impingers (9). The hygroscopic nature of the eth-
ylene glycol made sampling difficult and limited sampling
time under all but the most arid conditions (10). These dif-
f icul t ies were eliminated with the introduction of polyure-
thane foam as a collection medium (5). Foam plugs are light
weight and much easier to transport than the liquid ethylene
glycol in impingers. Background levels of PCB using pre-
cleaned foam plugs give much cleaner gas-liquid chroma-
tography (GLC) chromalograms than that associated with
ethylene glycol reagent blanks. The PCB detection limits
when using ethylene glycol in midget impingers are in the
range of 0.5 fig/m' fora 5-h sample (8). When foam plugs are
used as described in this method, the detection limit for a 4-h
sample is ~<J.01 ^g/nr1. This higher sensitivity permits a more
accurate assessment of air levels, which is especially important
in l i gh t of the proposed National Insti tute for Occupational
Sutety and Heal th (N10SH) criterion for a safe workplace
Jtmosphereul 1.0 jig/nv'over an 8-10-h workday and a 40-h
workweek ( 1 1 ) .

In ihis study, we took air samples in laboratories, offices.

and homes. All of the laboratories and offices had fluorescent
l igh t and forced air heating and air conditioning. Of the nine
houses, lour contained fluorescent lighting in their kitchens,
all but two of the homes had forced air heating, and all but one
had air conditioning. There was also an opportunity to mon-
itor contamination resulting from the burnout of a PCB-
containing fluorescent light ballast.

Experimental Section
Apparatus. Two types of air samplers were used in this

study. The first type, which utilized a Bendix Hurr icane
pump, collected large amounts of air (100-500 L/min) but was
unsuited for indoor sampling. This sampler was used for the
outdoor comparisons and to collect samples in the laboratories
and offices when they were unoccupied. The smaller, low-
volume pumps analyzed were the Mine Safety Appliance
(MSA) portable pump Model S and the Du Pont constant-
flow sampling pump Model P4000A. These personal samplers
were much better suited to indoor monitoring because they
were quiet and unobtrusive, although they sampled at only
2.5-4.0 L/min.

The sampling cartridges used with the low-volume samplers
were made from glass tubes 2 cm in diameter and 7.5 cm long
with 8-mm diameter X 3-cm long connectors. They were at-
tached to the pumps with PVC tubing. The cartridge used
with the Bendix pumps consisted of the 10-cm round filter
holder that is standard equipment modified by epoxying a
cylindrical metal chamber 5-cm i.d. X 25 cm long behind the
filter holder. This was then attached to the pump by 7.6 m of
flexible hose.

The sorbent used in both sampling cartridges was poly-
ether-type polyurethane foam (density 0.022 g/cm3). The
plugs (5.5-cm diameter X 8 cm long for the large samplers and
2-cm diameter X 4 cm long for the small ones) were cut from
sheets of polyurethane upholstery material and shaped to fit
into the cartridges under slight compression to assure that all
of the air sampled would be pulled through the foam.

All analyses were carried out with a Tracer 222 gas chro-
matograph equipped with ^Ni electron capture detectors. The
columns used included 3% OV-225 on Supelcoport 80/100
mesh, 3% OV-1 on Chromosorb WHP 80/100 mesh, and 4%
SE-30/6% OV-210 on Gas-Chrom Q 100/120 mesh. All col-
umns were 6-mm i.d. and 1.8 m long.

Reagents. Aroclor standards were obtained from the Pes-
ticide Repository, U.S. Environmental Protection Agency,
Health Effects Research Laboratory, Research Triangle Park,
N.C. The standard solutions were made by dissolving the
Aroclor in pesticide-grade benzene and diluting with hexane.
Stock solutions were stored at —10 °C, and working standards
were remade periodically from these.

The benzene and hexane used throughout were from Bur-
dick and Jackson Laboratories. Analytical reagent-grade di-
ethyl ether containing 2% ethanol was obtained from Mal-
linckrodl.

Basic alumina (60 mesh) was from Alfa Products, and the
silicic acid used was Mallinrkrodt AR, 100 mesh.

Procedure. Before use the foam plugs were extracted twice
in Soxhlel extractors for at least 7 h each time with S^c diethyl
ether in hexane. The solvent from the second extraction was
concentrated, passed through a deactivated alumina column
(see below), and analyzed by GLC to determine background
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, Co lumn C h r o m a t o g r a p h y . The j i u m m a uas w e i g h e d i n i u
a f lask. d i > t i i i e d w a t e r equal to b r< by w e i g h t dl the a l u m i n a
was added, and the f lask wa = stoppered and shaken w e l l . The
adsorbent was t h e n a l luued to stand for at least 15 h betore
use. A plug of preextracted slass wool was placed in the bottom
of a 7-mm i.d. X '2'2-cm Ions glass column and washed with 10
mL of hexane. The column was then parked to a depth of 17
cm wi th the deactivated alumina. The sample was added to
the column and eluied wi th 15 mL of hexane. and the volume
of eluate was adjusted for GLC analysis.

The method used to characterize the PCBs found in the
sample has been previously described (/2).

When it was necessary to separate the PCBs from inter-
fering chlorinated pesticides, especially residues of technical
chlordane. the sample extracts were fractionated by silicic acid
column chromatography (131.

Results and Discussion
The results indicate that the foam plugs collect PCBs nearly

quantitatively compared to a collection efficiency of ~80cc for
ethylene glycol (6). The extraction and cleanup of four forti-
fied plugs gave 100 ± 3rc recovery for Aroclor 1242 and 99 ±
5Tc for Aroclor 1254. The retention of PCBs by foam was at
least 97Tt when two plugs were used in series. In the worst case
(Aroclor 1242 on only the first plug) the retention was 87 ±
7TC. The collection efficiency was 96 ± 15Tr for Aroclor 1242
and 95 ± 7rc for Aroclor 1254. The efficiency of the foam plug
sampling system was studied by using a minimum of five
replicates for each experiment.

When four samplers were run side by side in the same lab-
oratory and the samples were taken through the analytical
procedure at the same time, the results showed that the overall
method had a relative standard deviation of 177c.

The percent relative standard deviations for the actual
sampling in the field varied from 10 to 367c. This larger vari-
ation is due. at least in part, to the fact that sampling at a given
location was spread over as much as several months with some
of the samples taken when the forced air heating or cooling
systems were in use and others taken when the house air was
more or less stagnant.

The average level of PCBs, calculated as Aroclor 1242 plus
Aroclor 1254, found outside the industrial research building
was less than 0.02 jig/m3 while the level inside the offices was
5 times higher. 0.10 ^g/m3. Inside the laboratories the level
was 10 times higher than ambient, averaging 0.21 jig/m3

(Table I). The air outside one home contained 0.004 jig/m3 of
PCB while the average level inside that house on the same day
was 0.31 Mg/m-1. While these data indicate that indoor air
contains much higher levels of PCBs than the surrounding
outdoor air contains, the amounts found are still well below
the N10SH proposed criterion.

In the room containing the burned-out light ballast, air
levels of PCBs on the day of burnout were found to be over
50 times higher than normal (11.6 vs. 0.2 Mg/m3) for that room,
and levels remained elevated for 3—4 months afterward (Figure
1). In another study of a ballast burnout where ethylene glycol
in impingers or on nylon screens was used as the collection
medium, the levels had reached the detection limit of the

m e t l u i d ni . ' i yu , m ' ) " w i t h i n weeks" ( * ) . Comparison o i ( h e ^ e
M u d i e s i l l u s t r a t e s the benefits oi the loam col lec t ion < - \ s t e m ' s
lower l i m i t of detection when fo l lowing t rends caused by PCB
spil ls or con tamina t ion .

Of the n ine houses tested, four had pre-1972 fluorescent
lighting fixtures in their kitchens. Besides the nine kitchens,
a total of six other rooms also were tested. As can be seen in
Table II. in every case the levels of PCB found were higher in
the ki tchen t h a n the other rooms tested, but there was little
or no correlation between PCB concentration and the type of
l ight ing used. However, other electrical appliances typically
found in kitchens may emit PCBs to account for the observed
effect. It is interest ing to note that the levels found in labo-
ratories were no higher than those found in the houses.

It is apparent from this work that the "normal" levels of
PCBs found in indoor air are at least 1 order of magni tude
higher than those in the surrounding outdoor atmosphere. The
relatively high levels of PCBs that have been reported in urban
air may be the result of PCBs leaking from the many buildings
present rather than from one or tw-o sources of high PCB
contamination. More work needs to be carried out to pinpoint
the sources of indoor PCB emissions and to determine to what
degree the levels are dependent on air circulation in a given
residence.
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Uptake of Polychlorobiphenyls Present in Trace
Amounts from Dried Municipal Sewage Sludge Through

an Old Field Ecosystem
Thomas S. Davis. James L Pyle, John H. Skillings. and Neil D. Danielson

Institute of Environmental Sciences and Departments of Chemistry,
Mathematics, and Statistics, Miami University, Oxford, OH 45056

Municipal sewage wastes are increasingly being used as
fertilizers and soil conditioners. FURR et al. (1976) report that
several major municipalities are already using sludge in this ca-
pacity. The cities of Chicago, Milwaukee, and Schenectady comroer-
cially market sludge under the tradenames Vertigreen, Milorganite,
and Orgro, respectively.

Although the use of sludge as a fertilizer or conditioner
is attractive in terms of cost, nutrient recycling, and waste dis-
posal, a question has arisen regarding pathogens and trace levels
of organic and inorganic toxic materials contained in the sludge,
that may affect human health or the ecosystem where the sludge is
eventually disposed (FURR et al. 1976; TORREY 1979). In particu-
lar, dried sewage sludge has been found to contain polychlorinated
biphenyls (PCBs) at the ppm level.

This study examined PCB concentrations in a sewage sludge
used as a fertilizer, in the treated soil, in the plants growing
in that soil, and in arthropods in contact with the soil and feed-
ing upon the plants. By repeated sampling of each level, the up-
take of PCBs through a terrestrial food chain could be proposed.

MATERIALS AND METHODS

The research was performed at the Miami University Ecology
Research Center, two miles north of Oxford, OH. Four acres (1.6
ha) of grassland, previously enclosed by 20 gauge galvanized steel
walls extending 61 on above the ground and 46 cm below the ground,
were subdivided into 16 0.1 ha enclosures. In previous experi-
ments at this site, cross contamination of pesticides and ferti-
lizers had been negligible.

Five replicate plots were randomly selected for treatment,
of which three were sludge-treated and two, serving as controls,
received no treatment. Soil particle size analysis by the method
of FOTH i TURK (1972) averaged 30.0% sand, 48.2% clay, and 21.8%
silt. The soil samples averaged 5.9% organic matter. The plots
were last planted in 1974 with a mixture of Kentucky Bluegrass
(Pea pratensis). Rye grass (Lolium perenne), and Fescue (Festuca
ejatior) • In 1979, Goldenrod (Solidago rigida) and the fescue
conprised over 95% of the plant biomass present.

0007-4861/81/0027-0689 $01.20
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The sludge used was "Milorganite," a dried, granular, proc-
essed sludge marketed by the Sewerage Cormrission of Milwaukee, WI,
of nutrient composition 6-2-0 (N-P-K). Four hundred pounds were
applied monthly by cyclone seeder on the 22nd of each month from
May to September in both 1978 and 1979.

Specimens of sludge, soil, plants, and above-ground arthro-
pods were collected monthly between the 18th and 21st of each month
in 1979, starting immediately before the initial May sludge spread-
ing and continuing through October. All samples were collected
from three randomly selected locations within each plot and com-
bined to make a monthly composite plot sample. Arthropods were
collected by a vacuum collector process as described by BARRETT
(1968) and were manually sorted from the litter. Plants were col-
lected through the random location of a one-quarter square meter
quadrat and the collection of all material within. Soil was col-
lected by the removal of the upper 2 cm of soil from around the
roots of the plants. All samples were preserved by freezing in
glass containers until analysis.

Extraction was performed on 50 g aliquots of soil, 25 g
aliquots of plants, and on the entire biomass of the arthropods
collected. The aliquot was blended with a 1:1 hexaneracetone so-
lution in a proportion of 2 ml solvent per gram of aliquot. After
vacuum filtration, the soil and plant extracts were washed with 30
mL 2% saline and partitioned three times with 30 ml acetonitrile
as described by THOMPSON (1977). Florisil and silicic acid frac-
tionation were also done as described by Thompson. Fortified spe-
cimens of potting soil and greenhouse plants averaged 92% recovery
from soil and 85X from plants.

To insure that arthropods were not contaminated by soil or
detritus, individuals were cleaned and inspected manually under a
20 power microscope. Twelve of the arthropod samples were macer-
ated and extracted as described by PETERSON et al. (1976). The re-
mainder were suspended in 25 ml of the hexane-acetone solution and
extracted in blenders before washing with saline and Florisil frac-
tionation. Fortified specimens of a commercial hamburger-soybean
mixture averaged 76X recovery of PCS.

Gas chromatography was performed using a tritium electron
capture detector. Injector, column oven, and detector temperatures
were all 200° C. All samples were injected into a 1/8 inch o.d.,
3 m nickel column of 1.5% OV-17/1.95* OV-210 on 100-120 mesh Chro-
mosorb W at a flow rate of 60 mL/min nitrogen. In addition, an
auxiliary column of 5% OV-210 on Chromosorb W was used at 45-55 mL/
min nitrogen for the separation and detection of PCBs. Retention
tines measured from chromatograms obtained on both columns were
compared to Arochlor 1254 and 1260 standards obtained from the
USEPA Environmental Toxicology Division, Research Triangle Park NC.
Quantisation of the peaks was carried out on the OV-17/OV-210 col-
umn chromatograms.
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Of the 72 plant samples collected, 67 were extracted and
analyzed. Five received contamination in the laboratory during
extraction and cleanup. The remaining 62 specimens had no detec-
table PCBs. In a separate experiment, three specimens of the Gol-
denrod, one from each treated plot, collected on September 18 were
sorted and analyzed by leaves, stems, and flowers, and each sub-
sample yielded no detectable P.CBs.

For the arthropod analyses, none from the control plots
showed detectable PCBs, nor did any animals collected in May and
June. Among primary consumers, four samples from the treated plots
from July and August showed a mean of 31 ppb PCB. In September, no
residues were detected, and October arthropod samples were of in-
sufficient biomass to be analyzed..

Arthropods in the May and June collections were primarily
leafhoppers (Family Cicadellidae) and aphids (Family Aphidae) of
the order Homoptera.In July and August, the greatest contribution
to the biomass were crickets (Gryllus assimilus), Bean Beetles
(Epilachna borealis), and grasshoppers (Dissostera Carolina).

The secondary consumers were predominantly large spiders
(Family Arachnida), Daddy Longlegs (Family Phalangida). Ladybugs
(Adalia bipunctata), and Mantids (Mantis religiosa). Samples from
the control plots yielded no detectable PCB residues, nor did sam-
ples from the treated plots in May, June, and September. Three
samples from July and August did yield an average of 24 ppb. Dif-
ferences between the primary and secondary consumers were not sig-
nificant by AMOVA (p < 0.10).

DISCUSSION

The retention and increase of PCB residues in the soil
confirms expectations that PCBs are relatively immobile and per-
sistent in the A soil horizon. The lack of detectable PCBs above
ground in the fescue grasses, Goldenrod, and miscellaneous plants
confirms previous work with DOT. BROOKS (1974) found that DOT is
taken up into those plant tissues with which it is in direct con-
tact, in small amounts, but it is unlikely that the compound would
be degraded or translocated unless the plant has a high oil or
lipid content. This has been confirmed with PCBs in carrots (IHATA
& GUNTHER 1976) and linseed (FINLAYSON & MCCARTHY 1973; HASH 1974).

The largest contributors to the May and June insect bio-
mass are aphids and leafhoppers, animals which rarely contact the
ground and which showed no detectable PCBs. Whatever transloca-
tion of PCBs in plants may occur does not lead to biomagnification
such that the limits of detection are reached. In July and August,
the largest contributors are grasshoppers, bean beetles, and crick-
ets, all larger animals that contact the ground frequently. The
latter of these is a direct detritus consumer. The secondary con-
sumers reflect uptake of the PCBs into these animals during these
months. The bioconcentration values (1.3 times the soil for
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Accumulation of Pplychlorinated Biphenyls in Atlantic
Tomcod (Microgadus tomcod) Collected
from the Hudson River Estuary, New York
Ronald J. Klauda1, Thomas H. Peck2, and Gary K. Rice3

Texas Instruments Incorporated. Ecological Services Group,
Buchanan, NY 10511

The Hudson River estuary contains elevated levels of poly-
chlorinated biphenyls (FCBs) throughout its course. HORN et
al. (1979) estimated that almost 300 metric tons of residual FCBs
are present in the sediments, a level of contamination exceeding
other aquatic ecosystems in the United States (US EPA 1976).
General Electric*s capacitor manufacturing facilities in the upper
river at Fort Edward and Hudson Falls, New York, were the major
sources of FCBs (HETLING et al. 1979). Discharges of PCBs from
these facilities were sharply curtailed in 1976 and terminated
in June 1977. FCB concentrations in the Hudson estuary recently
ranged from 4 to 6 ug/g in the sediments and 0.0001 to 0.0011
mg/1 in the water column.

FCB contamination in the estuary resulted in the closure of
the striped bass and American eel fisheries in early 1976. PCB
levels in the edible flesh of several fish species are now regu-
larly monitored (HETLING et al. 1979, ARMSTRONG & SLOAN 1980).
These surveys are concerned with human health protection.
FCB effects on the health of the exposed fish populations have
not been investigated.

A recent study of adult Atlantic tomcod (Microgadus tomcod)
collected during the winter spawning season observed grossly
visible abnormalities in livers characterized by enlargement
and discoloration (SMITH et al. 1979). Hlstopathological
examinations suggested a 25 percent frequency of hepatocellular
carcinoma in the 1977-78 spawning population. The cause(s) of the
hepatomas was unknown; but based or- preliminary tests which
revealed FCB residues in liver tissues, SMITH et al. (1979)
speculated that PCBs may play a role.

Present addresses:
1 The Johns Hopklns University, Applied Physics Laboratory,
Aquatic Ecology Section, Shady Side, MD 20764.
33 Old Town Road, Beacon, NY 12508.
Texas Instruments Incorporated, P.O. Box 225621, Dallas,
TX 75265.
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We present here the results of PCB residue measurements
In liver, gonadal and body tissues of adult Atlantic tomcod
collected from the same spawning population studied by SMITH
et al. (1979). SPAGNOLI & SKINNER (1977) and HORN et al. (1979)
presented data on PCB levels in edible body tissues of Atlantic
toincod collected in the Hudson estuary, but PCB levels in liver
and gonadal tissues have not been reported. We also examined
the available data for evidence that PCBs were involved in
hepatoma induction.

MATERIALS AND METHODS

Test Animals
The histopathologlcal studies of SMITH et al. (1979) and

our tissue contaminant studies were incidental to a larger
project investigating the impact of power plant operations on
Atlantic tomcod and other fish populations. Adults were
collected during the winter spawning season (mid-January through
mid-February 1978) on the spawning grounds in box traps (0.9m x
0.9m x 1.8m) set along the shore of the estuary. Random samples
of fresh specimens were regularly returned to the laboratory
for routine age, growth, maturity and fecundity measurements.

Three adults from each of the three categories of gross
abnormal liver appearance defined by SMITH et al. (1979) as
hemorrhagic, small pustules, tumors, were randomly selected for
PCB analysis from samples collected for routine age and growth
measurements. Three adults whose livers were normal in gross
appearance were also randomly selected for PCB analysis. The
liver, gonadal and body (remaining) tissues from eight males
and four females ranging from 142 to 213 mm (total length) were
dissected, separated, individually labelled and frozen at -5°C
in containers washed with methanol and rinsed with hexane.

Chemical Analyses
Tissues were analyzed in accordance with THOMPSON (1977).

Frozen tissues were thawed, macerated with a glass rod, and the
fatty portions separated by repetitive extractions with petro-
leum ether. Halogenated organ!cs were then separated by
acetonitrile partitioning. The resulting extracts were concen-
trated by evaporation in a Kuderna-Danish (K.D.) apparatus,
eluted through a Florisil column with 61 ethyl ether in petroleum
ether, and concentrated for analysis by another K.D. evaporation.

A portion of the extract was perchlorlnated using the
method described by ARMOUR (1973). Analysis of this extract
for decachlorobiphenyl was used to quantify total PCBs in the
sample. Analyses of all extracts were performed on a Parkin-
Elmer Model 910 gas chromatograph equipped with electron capture
detectors. A packed column of 5Z OV-210 on Supercoport was
used for Initial identification and for quantification of the
decachlorobiphenyl. Another packed column consisting of 1.5Z
OV-17 and 1.952 OV-210 on Supercoport was used to aid
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identification of different Aroclors. Recoveries were determined
from Aroclor standards which were added as spikes and taken
through all of the separation and concentration steps. Results
were corrected for both solvent blanks and for recoveries.
Concentrations are reported in ug/g wet weight of tissue. "":

RESULTS AND DISCUSSION

PCBs, identified as a mixture of Aroclors 1016 and 1254,
were detected in all tissues (Table 1). All of the major gas
chromatograph peaks could be attributed to these Aroclors;
therefore, there was no evidence of other halogenated organic
compounds in the 62 ethyl ether Florosil fraction. The small
sample size (n *> 12) and wide variation in the data limited
statistical analysis, however, some potentially important trends
were apparent.

Concentrations of PCBs In body tissues measured in our
study (mean 0.17 ug/g> range 0.01 to 0.67 ug/g) are lower than
other reports on Atlantic tomcod collected in the Hudson estuary.
HORN et al. (1979) reported a mean concentration of 0.96 ug/g
total PCBs (range 0.44 to 4.48 ug/g) from edible flesh. SPAGNOLI
& SKINNER (1977) reported mean concentrations of 6.5 Ug/g and
7.7 ug/g, respectively, for Aroclors 1242/1016 and 1254 in whole
carcasses, with concentrations of 1.5 ug/g and 1.3 Ug/g respec-
tively in edible flesh.

Mean concentrations of total PCBs in gonads and livers
were 1.17 ug/g (range 0.08 to 7.35 ug/g) and 37.52 ug/g (range
10.94 to 98.22 ug/g) respectively (Table 1). PCB residues in
ovarian tissues were generally lower than in testes. We are
unaware of previous measurements of PCB residues in Atlantic
tomcod gonads and livers. UTHE et al. (1980) reported concea- '
tratlons of PCBs in testes and livers of a related species, ~-> -
Atlantic cod (Gadus morhua). ranging from 0.05 to 5.3 ug/g and '
from 3.5 to 374 ug/g wet weight respectively. These concentr*—- .
tions were observed in groups of sexually maturing males fed——• -^
1, 5, 10, 25 or 50 ug of Aroclor 1254 per g of diet threajtimes '
per week for 92 days. - - " :> :

We noted a trend toward lower levels of PCBs in the tissues-,
of larger Atlantic tomcod (Table 1). However, the only statis- ii
tlcally significant (p < 0.05) association was between body
length and PCB concentration in livers of males and females
combined (r - -0.602). This association was not significant for
either males or females analyzed separately. We did not deter-
mine the percent lipid in any of the tissue samples.

Levels of PCB residues among body, liver, and gonadal
tissues were generally not significantly associated. The single
significant (p < 0.05) direct association (r - +0.811) between
the concentration of PCBs in gonads and livers may have been _
spurious because it was dependent upon the relatively high
concentration in the testes of one male (Table 1). When this . •
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individual was removed from the analysis, the association was
no longer significant.

FCB residues in livers whose external appearance was normal
varied by a factor of 2.4 and the mean concentration was not
discernably different from mean PCB concentrations in abnormal
livers (Table 1). Hence, no association between PCB concen-
tration and type at liver abnormality was discernable. More
recent histopathological studies revealed that several Atlantic
tomcod livers, collected from the 1980-81 spawning population,
which were normal and hemorrhagic in external appearance
contained neoplastic nodules (personal communication with C. £.
Smith, USFWS Fish Cultural Development Center, Bozeman, Montana).
Thus, some or all livers classified as normal and hemorrhagic
by SMITH et al. (1976) and analyzed in our study for PCBs (Table
1) may have eventually developed neoplastic nodules and
hepatocellular carcinoma. Normal livers may be rare in the
Hudson River population of Atlantic tomcod.

In conclusion, this study shows that the tissues of adult
Atlantic tomcod collected in the Hudson River estuary contain
elevated levels of PCBs, especially in livers. However, any role
of PCBs in the induction of hepatomaa observed by SMITH et al.
(1979) is unclear. The PCB-hepatoma induction hypothesis is
plausible and deserves further study because: 1) Hudson River
sediments are heavily contaminated with PCBs in areas inhabited by
Atlantic tomcod (HORN et al. 1979), 2) Atlantic tomcod are
bottom-feeding fishes (SCOTT & CROSSMAN 1973) and therefore
probably continually exposed to PCB contaminated sediments, 3)
PCBs concentrate in fish livers (HANSEN et al. 1971, 1976;
CAMP et al. 1974; ZITKO & HUTZINGER 1976; NARBONNE 1979), 4)
PCBs have been associated with hepatocellular carcinoma and
other liver abnormalities in wild fish populations (FALKMER
et al. 1977; McCAIN et al. 1977; PIERCE et al. 1978, 1980),
5) Liver anomalies have been induced in fish exposed to FCBs
under laboratory conditions (JENSEN et al. 1970; JOHANNSON
et al. 1972; HANSEN et al. 1974; COUCH 1975; LIPSKY et al. 1978;
KLAUN1G et al. 1979; UTHE et al. 1980), and 6) Even though
there is no evidence that PCBs are hepatocarcinogenic in teleosts
(PIERCE et al. 1978), they are hepatocarcinogenic in some mammals
(FISHBEIN 1974). Further studies will be required to identify
the causal relationship, if any, between FCBs and hepatocellular
carcinoma observed in Atlantic tomcod from the Hudson River
estuary.
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Macro-analytical Methods Used to Analyze Tissues of
the Hawaiian Monk Seal, Monachus schauinslandi, for

Organochlorine Pesticides, Polychlorobiphenyls,
and Pentachlorophenol

G. H. Takei and G. H. Leong

Hawaii Epidemic-logic Studies Program', Pacific Biomedical Research Center,
University of Hawaii, Manoa. Honolulu, HI 96822

r

Among the specimens which were processed by the Hawaii
Epidemiologic Studies Program (HESP) laboratory as poisoning inci-
dents, were tissues of an adult male Hawaiian Monk Seal. Monachus
schauinslandi. which had died while in captivity without known
cause. Various tissues of the animal were brought to the laborat-
ory for analyses by the veterinary pathologist, State of Hawaii,
Department of Agriculture, to determine whether the death of the
monk seal had any connection with exposures to environmental pesti-
cides or pollutants, particularly to organochlorine compounds. The
specimens included urine, parts of liver, lung and blubber, an
entire testis, and an entire kidney.

The monk seal, an endangered species in Hawaii, is a
relatively large animal, the adult male averaging 175 kg (380 Ib),
TOMICH (1969), and consequently solid tissues from the animal were
from correspondingly large organs. Macro methods for representa-
tive analyses of these tissues for multiresidues of organochlorine
pesticides, polychlorobiphenyls (PCBs) and pentachlorophenol (PCP)
were devised. The methods utilize portions of reported analytical
protocols for the determination of organochlorines in human and
animal tissues and combines them with other techniques associated
with pesticide residue analyses. Generally, the tissues with the
aid of distilled water and drops of concentrated sulfuric acid are
first extracted with hexane or benzene, the separated extractants
are then cleaned and fractionated by passage through Florisil
columns, and the resulting eluates are analyzed by gas-liquid
chromatography (GLC) with electron capture (EC) detection.

METHODS AND MATERIALS
Organochlorine Pesticides and PCBs

Extractions in the devised methods are similar to the extrac-
tion of organochlorines from blood serum with hexane according to

Presently, Pesticide Hazard Assessment Project

489

0007-4861/81/0027-0489 $02.00
1981 Springer-Verlag New York Inc.



the method by DALE et al. (1966), which is the nultiresidue method
outlined in the EPA, Manual of Analytical Methods (THOMPSON, ed.
1977). The solid tissues, however, are minced well before extract-
ing them, and larger sample sizes, 5 - 12 g, are used with
correspondingly larger amounts of hexane. An extraction is also
conducted in a larger culture tube, 25 00 x 180 on, with teflon-
lined screw-cap, and with ca. 5 ml, distilled water, and ca. 10
drops of concentrated sulfuric acid. The minced sample is weighed
and placed into the culture tube. Distilled water is added while
rinsing the tissue down the culture tube. Acid is then added,
followed by hexane. Both water and acid facilitate the extraction
with hexane and assist in separating a relatively clean extract.
About 15-20 mL hexane are suitable for sample sizes ranging fron 5
to 7 g. The amount of hexane used for,an extraction nay vary and
depends on the quantity and consistency of the tissue sample being
analyzed, but the total amount used per sample must be accurately
neasured. Larger quantities of both water and hexane nay be used
to ensure efficient mixing of the extractant and tissues during
slow rotation (ca. 50 rpm) on a Roto RackR. The extraction mix-
ture is rotated for a period of about 4 h and 1s allowed to stand,
usually overnight. The tube is then spun in a large capacity
centrifuge at 2,000 rpm, and the upper hexane layer is collected by
means of a disposable pipet. As in the analysis of blood serum, an
accurately measured amount of most of the total volume of hexane is
collected but not necessarily the entire amount. The extractant is
then concentrated to ca. 0.5 nL with a gentle stream of nitrogen
gas.

A Chromaflex column, 9 OD x 200 mm long, with a 50-mL
reservoir (Kontes 420100, size 22) 1s packed with Florisil of
chromatographically reproducible quality. Florisil, which is
purged overnight in an oven at 135°C, allowed to cool while exposed
to anbient laboratory temperature, and stored in reagent bottles
with screw-caps lined with aluminum foil, 1s suitable. The column
is filled with Florisil, which is retained in the column with a
small wad of glass wool to a height of 100 itm after gentle tapping,
and the Florisil is topped with 20 mm of anhydrous granular sodium
sulfate. Adhering to chromatographlc techniques, the column 1s
first washed with 10 mL hexane, the concentrated extract 1s then
placed on the column with washes kept to a minimum 2 nL, and the
sample is eluted off the column by the following protocol with each
fraction being collected separately: Fraction 1 .......... 10 mL,
hexane; Fraction 2 .......... 20 mL, 20% benzene 1n hexane;
Fraction 3 ........... 20 mL, 40% benzene in hexane; Fraction 4
............. 10 mL, 80% benzene in hexane.

The concentrations of the fractions are adjusted for GLC
analysis, EC detection. The quantities of residues are determined
by including in the calculations peak heights, sample weights,
dilution or concentration factors, and the fractions of total ex-
tractants analyzed, as in routine residue analyses of biological
extracts by GLC.

PCBs are collected in fraction 1 with the organochlorine
pesticides, HCB, aldrin, oxychlordane, trans-nonachlor. p,p'-DDE,
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For Aroclor 1260, the averages of the recoveries of each of the
components corresponding to 7 GIC peaks quantitated, ranged from 80

to 99%.
Pentachlorophenol

The analysis of PCP in solid tissues was conducted by the
macro method described for the organochlorines except that benzene
was used as the extractant in place of hexane. Also, derivatiza-
tion (alkylation) of the chlorinated phenol in the benzene extract,
an additional step, was conducted with diazomethane as in the ana-
lysis of PCP in urine and blood, CRAMMER & FREAl 0970), RIVERS
0972), and the EPA Manual of Analytical Methods (THOMPSON, ed.
1977). The derivatization is also outlined in a modification of
the analysis of PCP in urine anfl blood by the HESP laboratory,
HESP Annual Report Ho. 8 (1975). Briefly, benzene extracts are
first adjusted with a stream of nitrogen gas (or concentrated by
other means without loss of PCP) to ca. 5 ml. Oerivatization is
then conducted in a high draft-fume hood by adding diazomethane
reagent prepared in basic hexane from N-methyl-N'nitro-N- nitroso-
guanidine, the reaction mixture is cleaned by passage through a
column of Florisil, and the methyl ether of PCP is analyzed by GLC.
The derivative is eluted off the Florisil column with 20 ml of 20%
benzene in hexane, followed by an additional 20 ml of 40% benzene
in hexane to ensure complete elution. Monk seal urine was analyzed
using 2.00 ml samples extracted with 6.00 ml benzene and 2 drops of
concentrated sulfuric acid, as in routine urine analyses, HESP
Annual Report, Mo. 8 0975).

The PCP determinations were monitored by concurrent recovery
runs with 5-12 g, commercial liver samples fortified with solutions
of the sodium salt of PCP (prepared in 0.01 tl MaOH). The level-of ̂
fortification was 100 ng for the solid tissues. For urine, re-
coveries of 50 and 100 ng levels of PCP (Ma salt) from 2.00 ml
control samples were conducted and analytical quality control
requirements for the laboratory's routine urine analyses were main-
tained. The recoveries of PCP from these tissues after blank and
sample corrections were 70 to 96%.•- *- t-h* PCP j " -••««•« reauired additional• «• ~

fun

separatee
separatoi
liquid e> |
a second j
tions we»
rotary f
tographi'
prepared

ing w
ted with
chromato

The
may be
probl em
be conct
ed Flori
and
may
di still i
ene. 5'
precU
of organ
differe
column •

Th
chlorin
Aroclor
analyze
foil owe
approxi
tion it
the nvoi
Separa'
Floris
since
and q>.
not a

i

be gr
The '.
The
anal
colt
coli
det'
the
ol



r r

•= nain-

.'~ xn

— :.: a

allowed to stand until the aqueous and hexane layers clearly
separated. The lower aqueous layer was drained into another 1-L
separatory funnel containing another 100 ml hexane and the liquid- -
liquid extraction repeated. The aqueous layer which was extracted
a second time with hexane was then discarded and the hexane frac-
tions were combined and concentrated to 5 ml by low temperature,
rotary flash evaporation. The hexane concentrate was then chrcma-
tographically passed through a 25 x 300 rtn glass column vjhich was
prepared by packing gently with Florisil to a height of 100 mn,
topping with 25 mm anhydrous granular sodium sulfate, and prewash-
ing with ca. 100 ml hexane. The methylated PCP was eluted off the
column with 100 ml hexane. The eluate was concentrated and adjus-
ted without difficulty for GLC analysis and gave rise to suitable
chromatograms.

The devised methods are simple, relatively fast, flexible, and
may be modified to improve the analyses or to accommodate new and
problem situations. Fractions eluted off the Florisil column may
be concentrated again and rechromatographed through freshly prepar-
ed Florisil columns to reduce materials which cause interferences
and high backgrounds in gas chromatograms. Background materials
may also be reduced by using 2% sodium sulfate solution rather than
distilled HjO during extractions of tissues with hexane or benz-
ene. Smaller amounts of original lipid samples may be used to
preclude additional cleanup processes. Finally, elution patterns
of organochlorines off Florisil columns should be determined for
different batches of Florisil and modified accordingly during
column chromatography to account for differences in batches.

RESULTS AND DISCUSSION
The results of the analyses of monk seal tissues for organo-

chlorine pesticides and PCBs are shown in Table 1. p.p'-DDE and
Aroclor 1260 were the only organochlorines detected in the tissues
analyzed. Blubber had the highest levels of both residues,
followed by liver and kidney, respectively. Lung and testis had
approximately similar but even lower levels. There was no detec-
tion 1n urine. Seven components of Aroclor 1260 which gave rise to
the more consistent and prominent GLC peaks were quantitated.
Separation of p.p'-DDE which was in the same fraction off the
Florisil column as Aroclor 1260 (fraction 1) was not necessary
since Its GLC peak did not Interfere with the 7 Aroclor 1260 peaks,
and quantitations with the two materials In the same fraction was
not a problem. Figure 1 shows typical chromatograms of fraction 1
and is one of the liver samples. The relative amounts of p.p'-DDE
and Aroclor 1260 present were so different that fraction 1 had to
be greatly diluted for the quantitation of p.p'-DDE (see Figure 1).
The same situation was experienced with the other solid tissues.
The results listed in Table 1 are based on total weights of samples
analyzed. The results for p.p'-DDE are from the SE-30/OV-210
column and the results for Aroclor 1260 are from the OV-17/QF-1
column. Use of larger amounts of urine in an analysis may have
detected very low levels of p,p:-DDE and Aroclor 1260. However,
the small quantity of original specimen limited the analyses to 2
mL sample sizes.
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Table 1
Includes the re-
sults of repeated
analyses for each
of the solid speci-
mens. Each
analysis was con-
ducted with a
composite tissue
sample prepared by
combining samplings
cut from different
regions of a speci-
men. The samplings
were minced and
mixed together
wel1, and the
composite which
resulted was consi-
dered to be repre-
sentative of the
entire specimen or
organ being analyz-
ed. For each
repetition a sepa-
rate composite
sample was prepared
in the sane manner
and analyzed. An
analysis therefore,
covered different
regions of a speci-
men and the
apparent variation
in results for a
particular specimen
is due to the
actual variation in
levels of organo-
chlorines in
different regions
of the specimen

and not do? to variation in the method of analysis. By following
such techniques, an overall analysis of a large specimen was
believed to have been possible without having to macerate and sa-
crifice the entire specimen or organ. For the larger specimens,
liver and lung, a second repetition was run.

The monk seal tissues were also analyzed by an alternate nicro
method for organochlorine pesticides in human or animal tissue and
human otilk according to the procedure by ENDS et al. (1967), which
is outlined in the EPA Manual of Analytical Methods (THOMPSON, ed.,
1977). In^this method, duplicate 0.5 g samples were analyzed. As
in the macro method tissues were first sampled from different
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Figure. 1. Gas Chromatograms for standards
and for an extract, fraction 1, off Fieri -
sil column of a Hawaiian Honk Seal liver
sample with p.p'-DOE and Aroclor 1260.
A - Aroclor 1260 standard showing 12
characteristic peaks, 5 ng. B - liver
extract, fraction 1, concentrated to 5 ml,
5 uL injection; p.p'-DDE present with
Aroclor 1260. C - mixture of 10
organochlorine pesticide standards; peaks,
left to right, HCB, p-HCH, aldrin,
oxychlordane, heptachlor epoxide, trans-
nonachlor, p.p'-ODE, dieldrin, p.p'-DDD,
and p,p'-DDT; p.p'-DDE, 100 pg. 0 - same
liver extract as B, but diluted 10 x to 50
ml; 5 pL injection.
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regions of a speci-
men. Then the
samples were minced
and mixed together.
From this one compo-
site, two 0.5 g
samples were weighed
and analyzed. Table
2 shows the results
of the duplicate
analyses for each
solid specimen. The
results are consis-
tent with those
obtained by the
laboratory's multi-
residue macro
method, considering
the variations
between samplings of
large specimens, and
p.p'-ODE and Aroclor
1260 were the only
organochlorines
detected. As expec-
ted, the precisions
of the results for a
specimen by the
micro method are
much better than the
precisions of the
results by the macro
method. However,
the results in the
micro method arc for
composites of re-
latively small
amounts of tissues,
only a little more
than 1 g being
needed for duplicate
analyses, and are
consequently repre-
sentatives of small
parts of the speci-
mens and not of the
entire specimens.

Further
confirmation of the
presence of p.p'-DOE
and Aroclor 1260 in
monk seal tissues
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had very low but nearly equal amounts.

was conducted by
GC/Mass Spectrotnetry
(MS). One liver ex-
tract and one blubber
extract were selected
for the confirmation.
p,p'-DDE was separated
from Aroclor 1260 by
passing the extracts
through a Silica Gel 60
column according to the
protocol outlined by
the Texas Epidemic!ogic
Studies Program, EPA,
(unpublished) for the
separation of PCBs from
organochlorine pesti-
cides, a modification
in the analysis of
human nilk by TESSARI &
SAVAGE (1980). The
Finnigan Model 3000
operating at 70 elec-
tron volts was the
instrument used in the
GC/MS analyses.

The results for
the determination of
pentachlorophenol in
monk seal tissues,
which were conducted
separately from the
analyses of the organo-
chlorine pesticides
and PCBs are shown in
Table 3. PCP was
detected in all speci-
mens. Urine and
blubber contained the
greatest amount of PCP,
while the solid tissues

Figure 2, are represen-
tative gas chromatograms for the PCP analyses.

From this study, we cannot attribute the death of the Hawaiian
Honk Seal to the organochlorines and pentachlorophenol which were
found in tissues of this mammal. Baseline (normal) data of residue
levels for these pollutants in animal tissues in Hawaii are so
limited that pathogenic levels in our fauna cannot be predicted.
Moreover, it is difficult to even speculate whether the residues
detected in the monk seal tissues were due to exposures of earth's
background (ambient) atmosphere or to exposures of the mamal's
immediate (specific) environment. The possibility still remains
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Table 3. Results of the
analysis of pentachloro-
phenol in Hawaiian Monk
Seal Specinens

Specimen PCP.ppb

Liver
Lung
Kidney
Testis
Blubber
Urine

1.0
1.5
Trace (0.8)
Trace (0.9)
77
66

PCP

PCP

PCP

o 2 4 e B c e O 2 4 6 8 0

though that these resi-
dues or their parent
forms nay be Implicated
as contributing factors
toward endangering the
nonk seal which is native
to the Hawaiian Archi-
pelago. With the excep-
tion of PCP, the levels
of the residues found in
monk seal appear to be
higher than what would be
expected as normal, part-
icularly in blubber where
results are also based
closer to lipid content.
Interestingly though, the
detection of PCP in
animal tissues other than
in urine and blood after
the review by BEVENUE &
BECKMAN (1967) and the
work by BARTHEL et
al.(1969) is believed not
to have been extensively
studied, except for an
isolated determination of
PCP in human adipose
tissue by SHAFIK (1973).
Although PCP is water soluble and easily excreted from animals, it
apparently is translocated throughout the system and most likely
stored, over a period, in the lipids of tissues.

The macro methods followed in this study, however, are stream-
lined without loss of low detection limits and accuracy, and are
convenient in handling great numbers of variable specimens. Large
specimens which are difficult to sacrifice entirely for analysis
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TIME (min)
Figure 2. Typical gas chromatograms,

A-E, for the analysis of pentachlo-
rophenol in Hawaiian Monk Seal
tissues. A - PCP standard, 30 pg;
B - lung extract; C - same lung
extract as B, but fortified with PCP
standard; D - kidney extract; E -
testis extract.



due to size or specimens of tissues which must be preserved, such
as those from endangered species, are particularly suitable. Since
the monk seal analyses, the macro methods have been applied to hu-
nan tissues, mainly liver, kidney, fat, and brain of infants, with
reproducible and confirmed results for multiresidues of organochlo-
rine compounds and PCP. Also, these recent analyses have been
carried out with an abbreviated elution protocol for the Florisil
column and without additional cleanup.
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Monitoring of DOT, PCBs, and Other
Organochlorine Compounds in Marine Organisms

from the North Aegean Sea
S. D. Kilikidis. J. E. Psomas. A. P. Kamananos. and A. G. Panetsos

Department ol Food Hygiene. Faculty of Veterinary Medicine. Aristotelian
University, Thessaloniki, Greece

It is well established that human activities have resulted in
serious environmental changes, especially in the coastal marine en-
vironment. Organochlorine insecticides and polychlorinated biphenyls
are among the most persistent and toxic pollutants in. aquatic and
terrestrial ecosystems. The Organochlorine insecticides can enter
into the marine ecosystem, mainly, from the atmosphere. However,the-
re is frequently a relationship between the presence of some speci-
fic insecticides and local pollution sources such as agricultural
or municipal wastes. On the other hand, PCBs are related to indu-
strial pollution. The distribution of these micropollutants has been
extensively studied in the last decade, and considerable efforts ha-
ve been made to understand the mechanisms of their transport through
the biotic community. While the level of Organochlorine residues in
any organisms is a static index of a dynamic process, it identifies
the presence and relative amounts of particular compounds (KERR &
VASS 1973).

A comparison of residues level in predator and prey organisms
in such an environment could establish present day background level
typical of unpolluted coastal marine waters and indicate those ani-
mals most susceptible to accumulation through food chain transfer.

This paper describes the monitoring of Organochlorine compounds
in several biota species of coastal waters of North Aegean Sea.

MATERIALS AND METHODS

Areas Studied: The Aegean Sea, especially its northern part,
being a semi-enclosed formation and relatively shallow and fairly
sr.all water body, belongs to those marine ecosystems whose coastal
waters offer a suitable location for investigations into the fate
of Organochlorine compounds.

The survey of DOT, PCBs and other Organochlorine in marine or-
ganisms covered the whole of the north coast of the Aegean Sea, and
sampling stations were located in the three important, industrial
and agricultural, areas. The areas covered correspond to an anoma-
lous coastline, formed by the deltas of the six main rivers namely
Aliakmon, Loudias, Axios, Gallikos, Strymon and Nestos. These ri-
vers flowing in the N.Aegean Sea, are the main sources of pestici-
des and PCBs contamination of the N.Greece coast. From this area
three main gulfs were selected for study: The Thermaikos (40 30'N-
21° SC'E), the Strymonikos (40° 50'N-23° 60'E) and the Kavala gulf
(«0° 55'N - 24° 2u'E) (Fig. 1).
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All organisms were placed in glass jars and held at -20 C until
analysed. Containers were prerinsed with hexane and acetone and si-
milarly rinsed aluminium foil was used to line caps to prevent con-
tamination.

Handling samples and analytical techniques: Samples were treated
with sodium sulfate and then Soxhlet-extracted, using petroleum e-
ther, bp uo-60°C. The extractabie organic organic matter was trea-
ted by the JOHNSON'S (1965), and JENSEN et al (1973) methods.

In analyzing fish and shellfish for organochlorine insecticides
and PCSs. chromatographic meyhods were used. A gas-chromatograph
with a 6*Ni detector was used. The column was a coiled pyrex glass
of 2 m (id, 2 mm), packed with 15% QF-1 and 10% DC-200 on 80-100
mesh Chromosorb VI. Operation conditions were as follows:
a) Temperatures: Detector and ir.jector 300°C; Column 210°C,
b) Flow rate of nitrogen: I1* md/min.

All determinations wars conducted in duplicate, and mean values
were calculated.

RESULTS AI!0 DISCUSSION

The mean analytical results for organochlorine residues in five
species of fish and shellfish studied are presented in Tables 2 and
3, along with the necessary suplementary information. Those results
are presented as concentration on a wet weight basis.

Table 2. Organochlorinet 1n Uutt&u goUop^ovoictolXa (H.G.) and "uZiiu
(".8.) (pot »et wetght).

Compound

ODE ' ~
000
DOT
Total DOT
Aldrin
HCB
PCBs

WRHAIKOS GULF "I
(H.G.)

(40 sampl . )
6 (100)«
4 ( 89)
5 ( 80)
14
0.5 ( 17)
1 1 47)

3*0 (100)

(M.B.)
r(12 sampl.)
30 (100)*
9 ( 83)
12 ( 83)
51

\ ( 77)
230 (100)

STR»t"ONIW)S GULF
(H.G.)

(20 SJmp1.)|
8 (100)*
7 ( 95)
« ( 90)
22
0.7 ( 85)
Z ( 20)

261 (100)

(H.B.)
KAYAIA GULF

(U.S.)
(12 saw>l.)|(36 sampl.)
31 1100)-
11 ( 92)
12 ( 92)
54
•

3 ( 67)
1600 (100)

14 (100)*
9 ( 86)
11 ( 92)
33
3 { 38)

0.6 ( 42)
290 (100)

(M.B.)
(10 sanpl.)
57 (100)'
26 ( 90)
33 ( 90)
120 e
3 ( 80)

180 (100)
• Positiveness per cent.

Table 3. OrganocMortnejIn Marine Organisms fro* N.Aegean Set (ppb «ct
weight).

Compound

DOT
ODD
DOT
Total DOT
HCB
Aldrin
PCBl

UuCUua
g&Uoptoviiictatii

(96 samoles)
9
6
8

23
0.9
1

310

UutLu
bi/itxUiu

(34 sample*)
38
15
19
71
«
t

700

U(^£uCCUU
ot/lluCCUl*
(6 samples)

18
10
16
43
^

510

X4.pluAA
g£dd\ui4

(2 samples)
190
46

210
450

2
1

360

TKunmu
£Huiuuu

(4 samples)
600
320
320

1200
37
•

2600

Three DDT related compound (pp'-DDE, pp'-DDT and pp'-DDD) were
present in sufficient quantities for reliable determination. Ho peak
corresponding to op'-DDT, dieldrin or heptachlor was observed in any
samples. In the case of aldrin in fish, all samples had concentra-
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iobserved in any
ad concentra-

tion lower than the detection limit (0.01 ng). Also, peaks attribu-
table to PCSs, some of which have a column retention time similar
to that of op'-rDD and pp'-tDT (A30ISOS et al. 1972), were absent.

All samples analyzed contained PCSs and DDE. PCB residues are
found as ubiquitous contaminants of aquatic life (PEAKALL 1975) and
Z2Z is, under reducing conditions, the most persistent metabolite
of the previously widely used insecticide DOT. Usually DDE repre-
sents between 60 and 9C% of the total DOT COOT plus all OOT metabo-
lites) (KA1SIR 1977). This is in agreement with our data from the
tables 2 and 3. Residues of pp'-DDE present in all organisms exami-
ned ranged in concentrations from 1 pcb, wet weight, in M.gat£cplO-
v.'<ncx.a6ci to over 1,000 ppb in samples from T. tK'ynnui. On the other
-and, residues of pp'-DDT were not found in every sample and when
present, concentrations were usually equal to or less than those of

?p'-D32 (Tables 2 and 3).As can be seen from the results of Table 2, no significant dif-
ference was found in the distribution of total organochlorines in
the organisms investigated (M.ga£topA.ou-aiCta.tc6, M.baA.ba.tu4), ex-
cept of PCBs of M-baAbatai from the Strymonikos gulf. This high con-
centration of PCBs is attributed not only to local sources of pol-
lution but to the inflow effect of the Strymon river.

The means of total organochlorines were higher in T.thijnnuA than
in X.g£adtai, M-mettuacxua and M.boA.faa&Li (Fig. 2). This may be par-
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, is that a minimum level of contamination nay
considered a background level, in all marinescussed here, however

exist, which can be consi__
fcod chains.Fron the results obtained (Table 2) it can be observed that the
N.Aegean Sea is characterized by high value of PCBs (3̂ 0 ppb wet
weight in M.gacicp-tcv-tncuLd/ci), while the value of total DDT in the
same organises is low (lu ppb wet weight). "

Generally, local urban and industrial wastes seem to be the r.ain
sources of the pollution in the areas investigated,

M.g<Lt£optcvt.«Cx.a.£,i.i samples show significant differences of or-
ganochlorine pesticides and PCBs, during the period of investigation
(Table »*). The co-centration of PCBs in M.ga££ooA.ou-ot<ua£xA increa-
sed in the last year of investigation (1979), two times more than
the first tvo year-period (1975-76). In Fig. 3 it is possible to
see that, how the co-centration of pesticides and PCB in M.goW.op-10-

u-tnc-iaLci variei annually.
Table >*. Aar.ual Variations in the Level of Organochlorine Com-

po-r.ds ir. '-tu-tcEai ga££oplov.incia£xi (ppb wet weight).
' i a T T 1 1 9 7 8 1 1 9 7 9»'"»•» Mmnl.es)
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DDD
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25
2
0.8

580

r Con-

There are few results reported for the organochlorine residues
L- :\.g&t£cp-iov4.nc-iaLii and H.basibevtuA from the Mediterranean. The
tctal IDT values reported from Saronikos Bay, from France and fron
the Adriatic Sea vary between 3 and 120 ppb for M.ga££cmcv<.nc-ca£ii
and between 3 and 140 for M. fao.tfaa.tu4, while PCBs concentration va-
ried fron 300 to 9.&CO ppb (SATSMADJIS 4 GABRIELIDES 1977, MESTRES
:973, :;AZANSKY et ai. 1978, DUJMOV 1973).

Finally, marine organisms from the heigher trophic level (e.g.
T. i.'iWitiuti) were found nore contaminated than those from lower (e.g.
•\.3aJiicp>icv4.ncJjiLiii) levels.

It can be thus concluded that an understanding of organochlori-
r.e pollutants, as regards their types and concentrations, depends
on background information on the compounds consumed, their tendency
for bicr.agnification or biodegradatior. and, perhaps, seasonal varia-
tions.
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Efficiency and Rate of Elimination of Polychlorinated
Biphenyls from Waste Waters by Means of Algae

Karel VSber'. Jarka Zahradnik1 and Ivo Breyl*
1 Biotechnological Laboratory of Institute of Microbiology CSAS, Ttebon.
Czechoslovakia;3State Veterinary Institute for Game, Jihiava—Horni Kosov,

Czechoslovakia

Polychlorinated biphenyls (PCBs) are being detected in an ever in-
creasing number of components of the environment and accumulate in
natural ecosystems.

The occurrence and accumulation of PCBs are the subject of many
studies while the kinetics of their sorption by organisms, and
possible methods related to the decontamination of the environment,
are studied much less extensively.

The currently available results show that the commonly encountered
concentrations of PCS residues do not give rise to dangerous acute
toxicity; a higher risk, however, is represented by chronic toxic-
ity due to accumulation of PCBs in organisms and in food chains.
The high coefficient of accumulation of PCBs in microorganisms such
as algae could be utilized for the decontamination of the most im-
portant environmental components such as drinking and feed water as
well as the water from economically exploited reservoirs. The tech-
nological solution of the problem would require further applied re-
search. .

The data on the tolerance of algae towards PCS residues are contro-
versial and hardly comparable owing to differences in the parame-
ters of cultivation experiments. The values of accumulation ratios
in different algae also differ.

SODERGREN (1971) found no appreciable damage to Chlorella cells
even in saturated aqueous solutions of PCB; he found a 88Z elimin-
ation of PCB from the medium. UKEY et al. (1976) reported that
PCBs do not inhibit the growth of Chlorella on short exposure. On
the other hand, GLOOSCHENKO & GLOOSCHENKO (1975) found an inhibi-
tion of growth of Scenedesmus and other algae already at 1 ppb PCB.
MOSSER et al. (1972) found inhibition of diatomes at 10 *• 100 ppb;
EWALD et al. (1976) determined the rD50 for the growth of the most
resistant alga under study to be 4.4 ppm PCB. KEIL et al. (1971)
found a 1000-fold accumulation of PCB in al^ae as compared to their
medium.

This study is concerned with the efficiency and kinetics of elimi-
nation of PCB residues by microscopic algae. The experiments were
carried out in southern Bohemia under outdoor conditions on open
cultivation devices. The results point to one of the real possi-
bilities of elimination of PCB residues from water environments.

0007-4861/800025-0841 $01.00
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?i§. 1: Cultivation device. 1. Cultivation surface with trans-
-rsrss baffles (side view). 2. Retention tank. 3. Suspension
-•!—->. A. 002 suPply-

MATERIALS AND METHODS

Vssti vater used for cultivation came from a municipal water treat-
rest plant and from large-scale piggery. It contained about 251 of
bio j sole and trace elements as compared with the synthetic medium
far algae according to SE*TLfk (1968) and, on average, 40.5 ppb PCB.

Cultivation device is shown in Fig. 1. Algal suspension was left
to flcv down the cultivation surface (1) equipped with a system of
transversal glass baffles'. The cultivation surface was tilted
leixiibwise by 31 and oriented towards south and its area was 2 m.
tademeath the lower rim of the cultivation surface was a calibra-
ted retention tank (2) which could accommodate the whole volume of
algal suspension, i.e., 150 L, and served for measurement and ad-
j'=stxeats of suspension volume. During circulation, the suspension
vas pc=ped from the bottom of the tank by means of a pump (3) and de-
livered on the upper lip of the cultivation surface. Carbon dioxide

introduced in front of the pump by feed line (4).

lie itvice operated outdoors, the suspension circulated overnight,
col? without C02 supply. The thickness of algal suspension layer
co tie cultivation surface was 4 on.

D=cs a day a volume of the suspension corresponding to the chosen
cilrrioa rate was withdrawn and replaced by the same volume of
vB-Ste veter. Evaporation losses were made up by tap water. The di-
Ictioa rates tested were in the range 0.1 - 0.5 day" .

Tee algal strains under study included: Scenedesmus acutus (in
1973) and Chlanydomonas geitleri (in 1979). Before experiments,
both strains were tested as to their growth characteristics in a
media according to S^TLflC (1968).

842

The algal su:
ing to the si
the experime:
lyophilized
mination of
by lyophiliz

PCB assay wa
ture detecto
with 1.57. 0V
suiting chrc
grams of a r
trademark D!
mercial pre;
To verify t:
chromatogra:

Extraction
& KOC1/" '&

Both the vti
were found
of organocl
large exce:
of PCB elii
original c
ized algal
lected dil
served con
Table 1).

Alga

S. acutus

£. ge
leri

The aver
with S_.
temperat



fluctuated between pH 6.3 and 8.3. No growth inhibition was ob-
served at low PCB concentrations in the medium; the rate of elimina-
tion grew with increasing proportion of waste water in the medium.
Table 1 indicates in both algal strains under study a certain trend
to a decreased efficiency of PCB sorption with increasing dilution
rate. The trend is not completely clear-cut and may reflect also
the effect of weather in individual periods on the photosynthetic
activity of the cultures. The trend cannot be also irrevocably as-
cribed to the inhibitory effect of increasing PCB concentration in
the nedium since the waste water may also contain other components
inhibiting algal growth.

The PCB content in dry algal biomass at a maximum dilution rate was
213 ng kg"1 (S_. acutus) and 157 mg kg'1 (C_. geitleri). Por compar-
ison, we analyzed also algae of different origin from other culti-
vations. The biomass of the alga Scenedesnms obliquus cultivated in
an inorganic medium outdoors in a pilot-plant device in southern
BohesrLa was found to contain 45 mg kg'1, samples of laboratory cul-
tures of Chlorella vulgaris up to 72 mg kg'1, a sample of £. obli-
ocus from a heterotrophic cultivation, 95 ng kg'1; samples of £.
obliquus grown in an outdoor industrial device in southern Bulgaria
showed negative results of analyses in 1976 - 1979. Algae of genus
Chlorella. grown experimentally in water from south-Bohemian ponds
and in drain water from ameliorated plots, contained also up to 10
=g PCB per kg biomass.

The results point to a wide occurrence of PCB residues in the en-
vironment and confirm the considerable accumulating ability of
algae for these substances.

The mechanism of sorption is not quite clear. DREY et al. (1976)
found that the accumulating ability with regard to PCB is retained
also by dead algal cells and the process may thus represent absorp-
tion in lipid cell components or simple adsorption phenomena.

The results permit the following conclusion. The presence of PCB
in waste waters, at least up to the above concentration, does not
preclude the senzicontinuous cultivation of unicellular algae during
vbich a major part of the substances in accumulated in the algal
bio=ass. C. geitleri seems to be more efficient in the elimination
process than S_. acutus. The process can be carried out success-
fully under variable outdoor climatic conditions; a scale-up of the
process could give rise to a promising technology of decontamina-
tion of some contaminated waters in suitable concrete cases. The
liquidation of the relatively small volume of algal mass with accum-
ulated PCB would be technologically very simple.
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Toxicity of Arsenic and PCB to a
Green Alga (Chlamydomonas)
Erik R. Christensen'-* and Peter A. ZielskP

'Center for Great Lakes Studies. University of Wisconsin. Milwaukee, WS 53204
'Department of Civil Engineering. University of Wisconsin,

Milwaukee, WS 53201

High arsenic and PCB concentrations have recently been re-
ported for Green Bay, Lake Michigan (VEITH 1972, ANDERSON et al.
1978, HOLM 1979). The source of arsenic has been localized to
a chemical company producing arsenic herbicides in Marinette,
Wisconsin. While the production ceased several years ago, the
arsenic pollution persists because of ground water infiltration
of leachates from storage piles of arsenic-containing wastes.
The sources of PCSs are less well known. The sources are prob-
ably non-point in nature, and originate in part from local dump-
ings of PCBs previously used as dielectrics and hydraulic fluids.

The levels of these contaminants, e.g., up to 10 ug As/L
and 0.45 ug PCB/L could present a hazard to the biota. The
effect of arsenic and PCB on algae have been studied for each
of these toxicants acting separately, but not in combination.
PCB at 10-100 ug/L inhibit chlorophyll production and RNA
synthesis (KEIL et al. 1971, SINCLAIR et al. 1977). On the
other hand, arsenate at 1 uM behaves as an antimetabolite oc-
cupying sites for phosphate (PLAMAS i HEALEY 1978). Based on
the different toxic mechanisms for the two compounds, it is
hypothesized that they will show independent joint action
(FINNEY 1971), i.e., that they will not form a particular toxic
combination. The purpose of this study was to establish toxic
thresholds and possible interactive effects of arsenic and a
PCB (Aroclor 1248) for the green alga Chlamydomonas isolated
from Lake Michigan.

MATERIALS AND METHODS

A slightly modified version of the culture medium of
GUILLARD (1975) was used as growthmedium for Chlamydomonas. Major
nutrients, EDTA, and vitamins were added as specified, as well
as all trace elements except boron which was added as boric
acid at a final concentration of 0.6 mg/L, a factor ten lower
than required by the recipe. This lower boron level was chosen
so as to better corespond to the levels specified in other
standard media and to concentrations found in natural waters.

The test alga Chlamydomonas was obtained from the University
of Michigan Great Lakes and Marine Waters Center at Ann Arbor.

0007-4861/80/0025-0043 SOI.20
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The alga was Isolated from Lake Michigan by Richard Steinberger.
The mean diameter was found to be about 4.9 urn using an elec-
tronic particle counter. A stock of actively growing
Chlamydomonas was maintained by weekly transfers to fresh nu-
trient media.

Algal assays were carried out essentially according to the
ERA procedure: Algal Assays Procedure Bottle Test (U.S. EPA
1978). The adopted procedure included maintenance of the cul-
tures at 15°C in incubators with continuous 20 W "cool-white"
fluorescent lighting. Aseptic techniques were applied through-
out the bioassays. The algae were kept in autoclaved, cotton-
plugged Erlenmeyer flasks filled with 100 ml nutrient solution.
The flasks were shaken every 24 hours to maintain the cultures
in homogeneous suspension.

First, two screening experiments were conducted to es-
tablish the toxicity ranges of the two toxicants using dibasic
sodium arsenate and PCB (Aroclor 1248). Next, a combination
experiment was set up based on these ranges. For fortifications,
aqueous solutions of dibasic sodium arsenate were prepared,
while the PCB was diluted with hexane. acetone, and water, suc-
cessively. As an example, the 111 ug/L PCB flasks contained
711 mg acetone/L and 69 mg hexane/L, while the other PCB flasks
contained proportionately lower concentrations of hexane and
acetone. Control flasks with these solvents, but without PCB,
were also set up.

After fortification, the flasks were inoculated with 5 x 10
cells/L. Algal growth was monitored at least once a week for
about four weeks. Algal population and size distribution were
measured by means of a Particle Data Inc. Electrozone/Cello-
scope, Model 112 LTH, coupled to a POP 8 computer and a Tele-
type terminal.

Data analysis, based on maximum standing crop was performed
at the 95X confidence level using a two-tailed t-test for the
independent joint action hypothesis (CHRISTEHSEN et al. 1979).

RESULTS AND DISCUSSION

The results of the algal assays are plotted in Fig. 1. The
screening tests (Figs..la, b) with PCB and arsenic added singly
were carried out first to establish the toxic ranges of these
compounds. Next, the combination experiment (Fig. Ic) was con-
ducted based on these levels. Interactions could not be ex-
cluded outside the toxic ranges of the individual toxicants,
but were considered most likely to occur there.

From Fig. la,'PCB depresses growth at concentrations
between 11 and 111 yg/L. This is consistent with the levels
of 10-100 ug/L found by KEIL et al. (1971) to inhibit chlorophyll
production and RMA synthesis of a marine diatom (Cylindrotheca
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closterium) and with similar findings of SINCLAIR et al. (1977)
who measured the respiration rate of Chlorella vulgaris. None
of the control flasks with hexane and acetone, but without PCB,
showed any significant growth depression due to these solvents.

From Fig. Ib, arsenate is inhibitory to growth at a con-
centration of 1 uM. By comparison, PLANAS & HEALEY (1978) de-
monstrated growth inhibition for five different algae, includ-
ing Chlamydomonas reinhardtii, at arsenate concentration between
1 and 100 yM.

The combination experiment conducted with fortifications of
PCB and As was performed at the levels indicated in Fig. Ic. No
interactive effects are immediately apparent based on this
figure. Note that despite the antiseptic techniques used
throughout the experiments, a contaminant organism dominated
at any concentrations of or above 111 yg PCB/L and 100 yM As,
added singly or in combination. The organism was unicellular,
clear, flagellated, and slightly longer and narrower than
Chlamydomonas. The organism may have been present in the
original cultures received from Ann Arbor, Michigan.

A statistical analysis of data from the combination ex-
periment is given in Table 1. The hypothesis tested is in-
dependent joint action, that is a product model for the com-
bined yield. It is evident that this hypothesis can not be
disproved at any of the two levels, since the associated t-
values are less than 4.30 for a p equal to 0.05. Consequently,
PCB and As act independently in the above sense, and do there-
fore not form a particularly toxic combination. Since the
actual concentrations in Green Bay of these contaiminants are
less than or equal to about 10 yg As/L and 0.45 yg PCB/L it
would therefore appear that current levels of PCB and As pre-
sent little, if any, hazard to the algae in this area. How-
ever, several factors not considered here could conceivably
change this situation. These factors include: differential
species sensitivity to these toxicants, geographic differences
in phytoplankton sensitivity to PCB (FISHER et al. 1973), dif-
ferences in toxicity depending on levels of major nutrients,
and possibly greater upconcentration of PCB and As in the algal
cells under long-term continuous culture conditions.
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TABLE 1
Statistical analysis of cell concentration (10 cells/L) of Chlamydomonas

on day 25 In the PCB - arsenic combination experiment.

Level*

1

2

Test

a
b
c

a
b
c

a
b
c

Fortlfl- Replicate
cation 1 2

None

PCB
As
PCB, As

PCB
As
PCB, As

5830
2630
4470

6030
1720
3200

290
1720
291

5680
4080
5060

6920
2050
1680

296
2050
600

Mean

5760-110
3360̂ 1030
4770-420

6480-630
1890-230
2440-1080

293-4
1890̂ 230
466̂ 218

Normalized Predicted normalized
mean mean, product model t*

1.00-0.02
1.00-0.31
1.00-0.09

1.13-0.11
0.56-0.18
0.51̂ 0.23 0.63-0.21 -0.54

0.051-0.001
0.56-0.18
0.094-0.047 0.029-0.0093 1.92

*PCB: 11 ug/L (1). Ill gg/L (2)
As: 10 pM

**t(2): 4.30, p = 0.05
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Distribution Differences between Polychlorinated
Terphenyls and Polychlorinated Biphenyls

in Human Tissues
I. Watanabe. T. Yakushiji and N. Kunita

Laboratory of Food Chemistry. Osaka Prefectural Institute of Public Health.
Nakamichi, Higashinari-ku, Osaka. 537. Japan

Polychlorinated terphenyls (PCTs) are compounds which
require further studies to investigate their effects on human
health and on the environment (U.S. ENVIRONMENTAL PROTECTION
AGENCY 1978). PCTs are similar to Polychlorinated biphenyls
(PCBs) in their chemical characteristics and have been used
industrially in the same way as PCBs, which are ubiquitous
pollutants. PCT residues were identified in the eggs and fatty
tissue of herring gulls by ZITKO et al.(1972). In Japan, PCT
residues were subsequently reported in various samples,
including human tissues (DOGUCHI 1977, MINAGAWA 1979). It was
also reported that the PCT distributions in the environment
and human body were not necessarily the same as those of PCBs.
For instance, the levels of PCTs in human fat and blood were
almost equal to those of PCBs, although the PCT residue levels
in environmental samples such as water, fish and foodstuffs
were much lower than those of PCBs.

The present study was performed in order to clarify the
tissue distribution of PCTs in the human body. Several
differences between the PCT and PCB distributions in human
tissues were found.

EXPERIMENTAL

Materials. Seventeen samples of human adipose tissues
and 6 liver samples were obtained through hospitals located in
the Osaka area from 1975 to 1978. Human milk and blood from 24
nursing women were collected in 1975. Blood samples from 17
children, aged from 0 to 6 years, and from 16 of the mothers
were collected in 1976. Thirty fetal samples (skin, liver, and
fat) were obtained through Kyoto University in 1976.

Extraction and clean-up procedures. According to the
standard analytical method for PCBs (Ministry of Health and
Welfare, Japan, 1972), 0.5 g of adipose or milk fat, 10 g of
whole blood, or 1 g of other tissues was refluxed in 20 ml of
2N ethanolic potassium hydroxide for on hour. Each saponified
solution was poured into 40 ml of water, then extracted with
30 ml of n-hexane. The extract was washed twice with 2% (w/v)
sodium chloride and dried over anhydrous sodium sulfate.
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Twenty-five ml of the extract was placed in a 10 mm x 20 cm
glass column containing 5 g of Florisil, 60 - 100 mesh, non-
activated. The elute was concentrated to a suitable volume and
assayed for PCTs and PCBs by gas chromatography. Recovery rates
of PCTs and PCBs by this procedure were better than 90 1.

Gas chromatoqraphlc analysis. The sample extract was
injected into a Varian 2100 gas chromatograph equipped with an
electron capture detector (*3Ni). The glass column (150 cm x
0.2 cm, packed with 2 % OV-1 on Gas Chrom Q, 100-120 mesh) was
held at 245°. The injector and detector temperature were 255°
and 300°, respectively. The nitrogen flow rate was 10 ml per
minute. The PCT residues in the samples were quantified by
comparison of the total peak height of the 11 major peaks given
by Aroclor 5460 with those given by the samples.

The quantitation of PCBs followed the method of UGAWA
et al. (1973), using a 2 % OV-1 column at 180°.

RESULTS AND DISCUSSION

Figure 1 showes the gas chromatograms obtained with
Aroclor 5460 and hexane extracts of human tissue samples. It
can be seen that there is a characteristic PCT profile. Though
the early peaks (peaks 1 to 5) in the PCT patterns of the
sample extract profiles differed slightly, the similarity
between the profiles of the sample extracts and that of stand-
ard Aroclor 5460 is apparent.
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Fig.l. Gas chromatograms of PCTs in human tissues. (A) Aroclor
5460, (B) Adipose tissue (adult), (C) Liver (adult), (D) Milk
(adult), (E) Blood (adult), and (F) Liver (fetus).
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Adipose tissue and liver. The analytical data for the
tissues of Japanese are given in Table 1. PCT residues were
found in almost all samples. The average level of PCTs in
adipose tissue was 0.89 ppm on a fat basis, which was about
one-naif that of PCBs. The results obtained in this study are
similar to the data reported by FREUDENTHAL et al.(1973),
MINAGAWA (1979) and DOGUCHI (1977).

The avrage level of PCTs in human liver was 0.05 ppm, with
a range of 0.007 - 0.162 ppm on a whole liver basis. The ratio
of PCT/PCB was again about one-half.

_Human milk and blood. The average levels of PCTs and PCBs
in milk were 0.001 and 0.023 ppm on a whole milk basis, respect-
ively. The levels of PCTs were extremely low (4 or 5 % of the
PCB content). The present results are consistent with the data
reported by MINAGAWA (1979). The PCB content of body tissues is
greatly influnced by their fat content. The PCB concentration

TABLE 1

PCT and PCB concentrations in the tissues of Japanese

Tissue sample N PCTs PCBs
Conc.a Occurrence Conc.a Occurrence

Adult(over
Adipose

Liver

Milk

Blood
Child(0 to
Blood
Mother's
Blood

Fetus(4 to
Skin

Liver

Fat

20 years)
17 0.89 ± 1.
" (0.89 -39.
6

24

24

0.
(0.
0.
(o.
0.
(0.

6 years)

16 0.
(0.

9 months)

14

4

0.

0.f

05
007

f.d
3)

±0.058
-0.162)

001 ±0.
0001-0.

001
003)

003 ±0.003
0005-0.025)

001
ND
005
001

007
ND
009
ND
005
Np

±0.
-0.
±0.
-0.

±0.
-0.
±0.
-0.
±0.
-0,

002
007)
007
025)

014
050)
Oil
033)
004
008)

24/24

6/6

24/24

24/24

6/17

16/16

9/12

12/14

3/4

1.
(0
0,
(o
0

0

0

0
(0

0
(0
0
(0
0
(o

.52 ± 0.47

.93 - 2.95)

.091

.025

.023

.006

±0
-0
±0
-0

.002 ±0

.0006-0

.004
ND
.003
.002

.084

.004

.014

.005

.006

.004

-0
±0
-0

.116

.323)

.011

.051)

.001

.005)

.004

.013)

.001

.005)

±0.137
-0.448)
±0
-0
±0
-0

.005

.020

.003

.009)

17/17

6/6

24/24

24/24

13/17

16/16

12/12

14/14

4/4
a) Mean±S.D. on a wnole organ basis,

indicate the range.
b) N is the number of-samples.
c) On a fat basis.
d) One sample, having 39.3 ppm PCTs,

of Grubb's test.
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in milk fat was the same as that in adipose tissue (YAKUSHIJI
et al. 1978). However, the PCT level in milk fat was about
0.03 ppm and was significantly lower than that in adipose
tissue, i.e., 0.89 ppm. The reason for this difference between
the PCT and PCB tissue distributions in the human body is
unclear.

Blood samples obtained from 24 nursing women were analyzed.
The average level of PCTs in these blood samples was 0.003 ppm
on a whole blood basis, and was slightly higher than that of
PCBs, i.e., 0.002 ppm. DOGUCH1 (1977) reported a similar result.
The average PCT/PCB ratio of blood was about 1.5, while the
ratio in adipose tissue was about 0.5. Thus, it appears that PCT
tends to accumulate preferentially in the blood. In animal
experiments, SOSA-LUCERO et al. (1973) and MINAGAWA (1979)
reported that PCTs tended to accumulate more in the liver and
blood compared with PCBs. However, the reason for this is not
clear.

Children's blood. The levels of PCTs and PCBs in the
blood of children and their mothers are given in Table 1. The
average PCB level in children's blood was 3.8 ppb on a whole
blood basis, which was slightly higher than in the mother's
blood, i.e., 2.8 ppb. KUWABARA et al. (1979) reported that an
increase in the feeding period of mother's milk tended to
cause an increase in the PCB level in the blood of children.
They suggested that most of the PCBs in the children had been
transported via their mother's milk. On the other hand, the
average PCT level in children's blood was very low, i.e., 1.0
ppb, while that in mother's blood was 5.4 ppb. In addition,
only six out of 17 samples of children's blood were contamina-
ted by PCTs. This may be due to the low level of PCTs in milk
mentioned above. It appears that the amount of PCTs transpor-
ted into children via their mother's milk was less than in
the case of PCBs.

Fetal organ. The placental transfer of PCBs was reported
in humans by NISHIMURA et al. (1977). However, there is no
information available on the placental transfer of PCTs. Table
1 shows the levels of PCTs and PCBs in fetal organs. The
average levels of PCTs in fetal skin, liver, and fat were 0.007,
0.009, and 0.005 ppm on a whole organ basis, respectively.
These PCT levels were much lower than those in adult tissue,
suggesting that the extent of placental tranfer of PCTs is
relatively small.

There was a difference between the PCT and PCB tissue
distributions in the fetus. NISHIMURA et al.(1977) reported
that the PCB concentration in fetal organ was highest in the
skin, and suggested that this was due to adipose tissue of the
skin. The same result was obtained in the present study. On the
other hand, the PCT level of fetal skin was almost the same as
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that of the other organs. This again indicates that the
placetal transfer of PCTs is less than that of PCBs. This may
be because PCTs have less affinity for fat than PCBs.

The range of PCT levels in tissues. Figure 2 showes
histograms of the PCT and PCB levels in adult adipose tissue
and blood. There was a significant difference between the PCT
and PCB concentration ranges not only in thes'e tissues, but in
all the tissues. The levels of PCTs showed a much wider range
than those of PCBs. This may possibly be a result of relatively
restricted PCT pollution in the environment. In contrast,
environ mental pollution by PCBs is widespread, partly because
of the higher volatility and solubility of PCBs compared with
PCTs.

Comment, Several tissue distribution differences between
PCTs and PCBs in the human body are described in this paper.
It has been observed that the toxicity of PCTs is similar to or
rather less than that of PCBs (SOSA-LUCERO et al. 1973, ALIEN
& NORBACK 1973, and CECIL et al. 1975), and the present results
indicate that little placental transport and little transfer
via mother's milk occur in the case of PCTs. In fact, none of
the fetuses or children in this study showed any clinical
symptoms of toxicity due to PCTs and PCBs. Therfore, the effect
of PCTs on the human fetus and suckling baby may be negligible.
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Fig. 2. Histograms of (A) PCT and (B) PCB concentrations in
fat, and (C) PCT and (D) PCB concentrations in blood obtained
from 24 nursing women and 16 mothers of children.
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We mentioned above that the levels of PCTs showed a much
wider range than those of PCBs in case of human exposure,
though a few subjects in this study showed abnormally high PCT
level, i.e., over than 10 ppm in fat or 10 ppb in whole blood.
In cases of human PCB exposure, such high levels have seldom
been observed except in occupationally exposed workers (WATANABE
et al. 1978). According to HARA et ai.(1974), symptoms related
to PCB toxicity, especially skin lesion, have been observed in
workers in a Japanese condenser factory, but these symptoms
disappeared when the use of PCB ceased.

Unfortunately, there is no information available on the
carcinogenicity and chronic effects of PCTs at low levels of
exposure. It is not possible at present to evaluate the health
hazard of PCTs to man at any level of exposure.
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Presence of 2,3,7,8-Tetrachlorodibenzo-p-dioxin in Wildlife
Living near Seveso, Italy: A Preliminary Study

R. Fanelii, M. G. Castelli, G. P. Martelli, A. Noseda. and S. Garattini
Istituto di Picerche Farmacologiche "Mario Negri" Via Eritrea, 62 — 20157 Milan, Italy

As a consequence of an explosion in a -chemical plant near
Seveso (Italy), a large inhabitated area was contatainated by a
number of chemicals including the extremely toxic 2,3,7,8 tetra-
chlorodibenzo-p-dioxin (TCDD) (WHO 1977, GREIG et al. 1973).
Specific reports on contamination of soil, vegetables and domes-
tic aninals have been already published (ABBRUZZI et al. 1978,
GARATTISI et al. 1979, MARAZZA & PEZZA 1979) and a continuous
monitoring plan is operating to keep the possible exposure of
the people living in the polluted zones under control. However,
no data on wildlife contamination have appeared in the litera-
ture so far. In this paper we present some preliminary findings
on TCDD levels in wild animals captured in the contaminated
areas. The main objectives of this study were:
- to gain indications about the range of TCDD levels in animals.
- to establish any correlations between environmental contamina-

tion and wildlife levels.
- to verify that available analytical methods were suitable for

a monitoring program, in terms of sensitivity and specificity.

MATERIALS AND METHODS

All animals except hares were captured in zones where there
was considerable environmental contamination. Hares were col-
lected in various places inside and around the contaminated
areas. So far the list of animal species analyzed includes the
common field mouse (Microtus arvalis), toad, snake, earthworm
and hare. All these animals were collected two years after the
contaminating event.

Animal tissues were analyzed for TCDD levels after extrac-
tion and cleanup according to the method developed in our
laboratory (FANELLI et al. 1979), by gas chromatography-low
resolution nass fragaentography.

RESULTS AND DISCUSSION

TCDD levels found in animals captured in contaminated areas
are reported in Table 1. All field mice were found positive
for TCDD with whole body concentrations ranging from 0.070 to
49 ppb (nean value 4.5 ppb; median value 1.2 ppb). Most of
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these rodents were collected in a trap placed in an area (6000
m^) where contamination of the top 7 cm of soil varied from
0.010 to 12 ppb (mean value of 23 determinations: 3.5 ppb).
These data, although only preliminary, are in agreement with
the conclusion of experiments carried out in a test area sprayed
with 2,4,5-T herbicide (YOUNG et al. 1979), showing that rodent
populations living on polluted soil accumulate TCDD in the body
up to concentrations of the same order of magnitude as the soil
itself, probably through pelt contamination (AIR FORCE ARMAMENT
LABORATORY 1975) and subsequent ingestion of soil particles.

TCDD assays made in hares, toad, snake and earthworms are
too few to permit any correlations. However the high TCDD
levels found in hare livers are particularly interesting because
these animals have a wide habitat radius and constitute one
direct route by which humans can be exposed to the toxic sub-
stance.

From these preliminary data, it appears that high TCDD
levels are accumulating in wildlife exposed to TCDD in the con-
taminated areas. This represents a unique opportunity to
investigate the effects and behaviour of TCDD in wildlife. It
should, furthermore, be borne in mind that TCDD could easily be
spread to so far uncontaminated places by mobile animals which
might have accumulated TCDD through the food chain.

TABLE 1
TCDD Levels in Wildlife

Number of
Animal analyzed Tissue Positive

samples

Field Mouse
Hare
Toad
Snake

Earthworms

14
5
1
1

2-

whole body
liver
whole body
liver

adipose tissue
whole body

14/14
3/5

1/1
1/1
-
1/2

TCDD level
ng/g (ppb)

average rain-max

4.5 0.07- 49
7.7 2.7 - 13
0.2
2.7
16
12

"Each sample represents a pool (5 g) of earthworms.
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Levels of Polychlorinated Biphenyls in Blood of Breast-fed
Children Whose Mothers are Non-occupationally Exposed

to PCBs
K. Kuwabara. T. Yakushiji, I. Watanabe. S. Yoshida. K. Koyama, and N Kunita

Division ol Food Sanitation, Osaka Prelectural Institute ot Public Health,
Nakamichi. Higashinari-ku, Osaka, 537, Japan

The environments 1s widely contaminated by polychlorinated
biphenyls (PCBs). Because of their stable and lipophilic
properties, they can accumulate in human tissues and breast
milk (ACKER and SCHULTE 1970). There have been few reports
on the transfer of PCBs from mother to child.

~4 KODAMA and OTA (1977) demonstrated the presence of PCBs
fh the blood of breast-fed infants and reported that blood PCB
levels of them rose gradually with ingestion of breast milk.
We have previously reported similar findings for children whose
mothers had been occupational ly exposed to PCBs; we found
extremely high levels of PCBs in the children's blood and
some kinds of clinical signs (HARA et al. 1976, KUWABARA et al.
1978). In a further survey on these children, we discovered
a baby with an unusually high blood PCB level of 115 ppb (ug/kg).
The baby was 8-month-old and had been fed on mother's milk for
approximately 6 months (KUWABARA et al. manuscript in prepa-
ration).

Here, we report on the blood PCB levels of children whose
mothers are non-occupational ly exposed, and the relationship
between breast feeding and those levels.

MATERIALS AND METHODS

Blood ( 3-10 ml ) was drawn from non-occupational ly exposed
mothers and their children in Osaka prefecture in 1976. The
blood samples were analyzed by essentially the same methods as
^scribed before (KUWABARA et al. 1978). Recovery rate of PCBs

this procedure was more than 90 X.

RESULTS AND DISCUSSION

level in the blood of mother and child: The results are
listed in Table 1. The PCB levels in 9 of the 17 children
are higher than those of their mothers. The maximum level 1s
12.8 ppb and is 6 times higher than that of the child's mother.
Four samples were below the 0.2 ppb detection limit. Compared
to the levels found for mothers, the levels for children have
a wider variation.

0007-4861/79/0021-0458 801.00
© 1979 Springer-Verlag New York Inc.



TABLE 1

PCB Levels 1n Blood of Mother and Child

No.

C -1
C -2
C -3
C -4
C -5
C -6
C -7
C -8
C -9
C-10
C-ll
C-1 2
C-13
C-14
C-1 5
C-16
C-17

Sex

M
M
M
F
M
F
F
M
M
F
M
M
F
F
F
F
M

Mean ±

Child

Age

year,
month

4,7
1.2
0,7
0,4
0,4
0,3
0,3
1.8
6.2
2.5
3,3
0,1
3,9
0,7
1.4
2,1
4,3

S.D.

Mother

PCB level
in blood

( ppb )
3.3
9.1
NO
ND
0.8
ND
ND
7.3
4.0

12.8
2.8
2.8
8.2
3.4
3.4
3.6
3.5

3.8 ± 3.6 ppb

No.

} M -1
M -3
M -4
M -5
M -6
M -7
M -8
M -9
M-10
M-ll
M-12
M-13
M-14
M-15
M-16
M-17

PCB level
in blood

( ppb )

2.0
2.2
3.0
2.4
1.7
3.2
2.9
2.4
2.1
2.5
2.9
2.6
4.2
2.8
4.6
3.1

2.8 ± 0.8 ppb

M designates male and F designates female.
ND: value below the detection limit, 0.2 ppb.
Mean and S.D. of child are evaluated assuming that ND is
0.1 ppb.
Sample No. C-1 and C-2 are brotherly (No. M-l's children).

Fig.1 shows the relation between breast feeding and
blood PCB level of the children. It appears that increasing
feeding period of the mother's milk tends to increase the level
of PCBs in blood of the children. It is especially noteworthy
that the levels of 1-month-old and 7-month-old infants fed on
mother's milk are much higher than babies of approximately the
same age who ingest only artificial milk.

The average PCB concentration in modified milk powder for
Infants was 1 ppb (Osaka Prefectural Government, 1976) or 3 ppb
(Science and Technology Agency, Japan, 1972). We found that
the PCB daily intake by meal of non-occupationally exposed
adults was about 3 or 20 ug per person (WATANABE et al.
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manuscript in preparation), and the average for human milk PCB
level was 33 ppb (YAKUSHIJI et al. 1977). Compared to the
value of artificial milk or diet, the amount of PCBs which
infants receive is considerable. Assuming that a baby Ingests
1 kg of the breast milk contaminated by 30 ppb PCB, the baby
would receive 30 ug of PCBs each day.

In
In blood
Fig.2.
be perfo

CL
O.

oo

14

12

10

8

6

4

2

—

~ «2,5
—

_

•1,2
• 4

_ »2

—

-07 2 > 1 «6

- •0,1* '*4 *3

.0.4
:. 0,3-0, 7, 1 1 1 1 1 1

max.
+ S.D.
Mean
- S.D.
min.

0 1 2 3 4 5 6 7 8 9

FEEDING PERIOD (month)

CHILD MOTHER

Fig.l. Relation between PCB level in blood of the children
and the feeding period of mother's milk. Each number
designates the age of a child (years, months).
The average level 1n blood of mothers 1s also shown.

PCB pattern In the blood of mother and child: In the previous
study on the child and mother occupationally exposed to PCBs,
we found that the gas chromatographic patterns of blood PCB
of the children fed mother's milk for a long time were quite
different from those of their mothers. The pattern change of
this type 1s remarkably observed in the blood PCBs of "Yusho"
patients who suffered from PCB poisoning In Japan in 1968
(MASUDA et al. 1974). These patterns have been discussed
in detail in a previous report (KUWABARA et al. 1978).

Fig.2.
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1
In the current study, there are no clear cases of change

in blood PCB patterns between mothers and children as shown in
Fig.2. However, regarding this point, more examinations will
be performed.

25

Child (C-ll)
29 (3 years old)

(6 month feeding)

28

\J

32
2.8 ppb

Mother
(M-ll)

2.5 ppb

Fig.2. Gas chromatograms of PCBs in blood from a mother and
her child on a 2 X Apiezon L column employing an electron
capture detector. Peak No. k and 9 are Identified as
tri- and tetrachlorobiphenyls (YAKUSHIJI et al. 1978),
and from No. 25 to 50 are identified as penta- to,,hepta-
chlorobiphenyls, respectively (JENSEN and SUNDSTROM 1974,
NAKAMURA and KASHIMOTO 1977).
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Presence of Polychlorinated Biphenyl and Organochlorine
Pesticide Residues and the Absence of Polychlorinated

Terphenyls in Canadian Human Milk Samples
Jos Mes and David J. Davies

Department ol National Health and Welfare. Health Protection Branch, food Directorate,
Tunney's Pasture, Ottawa, Canada

Polychlorinated biphenyls (PCBs) and organochlorine
(OC) pesticides in human milk have been reported both
in Canada (RITCEY 1972, KUSIAL 197U) and elsewhere
(SIYALI 1973, SAVAGE 1973, GRACA 197U, FESENDORFER
1975). Concurrently, Japanese reports indicated the
presence of polychlorinated terphenyls (PCTs) in human
tissues (DOGUCHI 1973) and milk (NISHIMOTO 1973). This
paper reports on a nation-wide survey of PCBs, PCTs and
OC pesticides in the milk of Canadian mothers as part
of a continuing program to follow trends in the levels
of pesticides and industrial contaminants.

MATERIALS AND METHODS

Sampling

Samples were collected as previously described (MES et
al. 1978). Since manual expression of the milk could
not be guaranteed in all cases, instructions were to
immediately transfer the milk from the breastpump to
the residue free bottle, to avoid prolonged contact
with any plastic or rubber parts.
Out of a total of 100 samples, 10 came from the Eastern
region (Newfoundland, Prince Edward Island, Nova Scotia,
New Brunswick), 25 from Quebec, 35 from Ontario, 10
from the Central (Manitoba, Saskatchewan) and 20 from
the Western (Alberta, British Columbia) regions.

Analytical Methods

All solvents were glass-distilled and free of inter-
fering residues. Adsorbents were prepared as earlier
reported (MES et al. in press). Oxychlordane and a-
hexachlorocyclohexane (HCH) were 98% pure; Aroclor 1260
was of a technical grade and all other standards were
99% pure.
Extraction and cleanup. Fifty gram samples were ex-
tracted and their fat content determined according to
MES et al. (in press). The fat was removed from the
extract by low temperature precipitation (MCLEOD and
WALES 1972).

0007-4861/79/0021-0381 $01.40
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Separation. The fat free extract was chronatographed
on a ser.i-.-nicro silicic acid column (MES et al. 1976),
which was extended with 4.5 g Flcrisil and topped with
sor.e anhydrous f."a_SO . The following 3 fractions were
collected:

Fraction

I

II

III

Elutinp solvent

35 ml hexane

HO ml of 20% 0*01., in
hexane 2 2
40 ral of 60% CK.C1 in
hexane

Eluted compounds

PCE, HCB, some PCT,
and p,p'-DDE
PCT, p,p'-DDE, DDTs
and chlordanes
6-HCH, dieldrin,
heptachlor epoxide

The fractions were carefully evaporated on a glass
rotatory evaporator (< 30°C), the residues transferred
in hexane to 15-ml centrifuge tubes and the volume
adjusted to 1 ml.
Identification and quantification. Gas chromatography
(GO and quantification of PCBs and most OC pesticides
was carried out on a 6% OV-210 + 4% SE-30 column (MES
and CAMPBELL 1976). The 6- and y-HCH isomers were
quantitated on a 5% OV-210 column (MES et al. 1977).
Fractions I and II were also chromatographed on a
Varian 1400 with Scandium Tritide electron capture
detector for the determination of PCTs in every 5th
sample, under the following conditions:
Column: 0.3 x 183 cm glass, packed with 3% OV-210 + 3%

SE-30 on 60/80 Chromosorb W(AW) (0.3 g of
each phase on 10 g solid support).

Temperatures: Injection: 255°C; Column: 264 C; Detector
268°C. _-

Aroclor 5460 (2.5 x 10" ug/5 pi injection) was com-
pletely eluted after 50 min at a flow rate of 45 ml
N-/min.
Confirmation of PCB. The fractions containing PCB (I)
of every other 10 samples, exclusive of every 10th,
were pooled to give - 4.5 ug of estimated PCB/pooled
sample.
Thin layer chromatography (TLC) was carried out on
precoated, aluminum oxide (type E) F25i»» 20 x 20Qcm
plates (Brinkman Ltd., Canada), activated at 110 C for
1 hr. Half of the pooled sample was applied per spot.
Reference spots of Aroclor 1260, p,p'-DDE and HCB at 5,
2.5 and 2.5 yg/spot respectively were applied at each
end of the line of origin, together with a blank spot.
The plates were developed in 1% acetone in hexane (v/v)
and the reference spots visualized with AgN03 (MCLEOD
and FITCEY 1973). Adsorbent from the areas of the
sanple and blank, corresponding to those of the respec-
tive standards, were scraped, eluted with 60% CH_C1_ in
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Polychlorinated biphenyls, hexachlorobe.-.zer.e (HCE), 5-
KCH, p,p'-DDE, dieldrin and p,p'-IDT were uresent ir,
r.ore than 80o of the sair.ples. All samples contained
p,p'-DDE and p,p'-DDT. All samples, which did not
register residues of oxychlordane and trans-nonachlor
_> 1 ppb, did indicate what appeared to be trace (< 1
ppb) amounts of these two compounds.
Compared to previous surveys on Canadian hur^an nilk by
RITCEY et al. (1972) and unpublished data frcir. this
laboratory, heptachlor epoxide, p,p'-DDE, dieldrin,
o,p'-DDT and p,p'-DDT levels all decreased over an
eight year period.

TABLE 2

Trends of organochlorine residues in Canadian human
milk

Average ng/g whole milk

Compound

PCB, as Aroclor 1260
HCB
B-HCH
Y-HCH
Heptachlor epoxide
Oxychlordane
trans-Nonachlor
p,p'-DDE
Dieldrin
o,p'-DDT
p,p'-TDE
p,p'-DDT
a Unpublished data

At the same time other compounds have been detected
such as HCB, B-HCH, oxychlordane and trans-nonachior.
Lindane (y-HCH) was only found in 8 samples at levels
>^ I ppb and all in Ontario. Nevertheless 71% cf the
samples apparently still contained traces of lindane,
which could not technically be confirmed by MS.
Whether or not the PCB increase between 1970 and 1975
was significant will be difficult to determine with the
limited data. It was observed, however, that perchlori-
nation accounted for only 38v> of the PCBs as calculated
on the basis of GC results. A duplicate sample forti-
fied before the perchlorination step with Aroclcr 1260
at 0.2 ppm gave 75.7% recovery with a standard devia-
tion of ±0.5. A single perchlorination of 10 pg
Aroclor 1260 gave 110% recovery. If this apparent
discrepancy is indeed valid, the average 1975 PCB level
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could well be lower than the 1970 one. Consequently,
at the same tirr.e, this could indicate the presence of
unknown contaminants in the PCB fraction of Canadian
human milk. The authors earlier described (MES et al.
in press) the unusual ratios of two FC3 peaks in 14% of
the ir.ilk samples, which could not be attributed to
Mirex.
Table 3 shows the geographic distribution of the resi-
dues in the latest survey. The highest average PCB,
p,p'-DDE and p,p'-DDT levels were found in Ontario

TABLE 3
Regional distribution of organochlorine residues

in Canadian human milk

Compound

PCB, as Aroclor 1260
HCB
6-HCH
Heptachlor epoxide
Oxychlordane
trans-Nonachlor
p,p'-DDE
Dieldrin
o,p'-DOT
p,p'-DDT

Regional averages in ng/g whole milk
Eastern Quebec Ontario Central Western

8
1
1
1
1
1
29
2
3
5

10
1
1
1
1
1
34
1
1
7

17
2
3
1
1
1
34
2
6
6

8
1
2
1
1
1
21

15
4
2
2
1
1
59
2
1
8

aAverages based on the number of samples with residues >_ 1 ng/g
whole milk.
Hfone detected.

and the Western region. The Central region had the
lowest residue levels. The latter was also observed in
data from human adipose tissue (MES et al. 1977).
Figure 1 shows two unknown peaks in fraction III,
chromatographed on two different columns. It is plau-
sible that peaks x and y in chromatogram A represents
the same compounds as peaks A and B in chromatogram B,
but further investigation is needed. These two unknown
peaks appear in most samples and only differ in their
magnitudes.
All reported compounds were confirmed by MS. Reco-
veries from fortified samples ranged from 84-98% for
all pesticides, except HCB and PCB, which were recovered
at 78 and 70%, respectively. The low PCB recovery will
be further investigated, since preliminary work had
indicated >95% recovery from Florisil-silicic acid
column. The data in Table 1 were not corrected for
these low recoveries.
The average lipid content of the human milk samples was
2.20% with a standard deviation of ± 1.35.
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8 min.

23 mm
FIG. 1

Chromatogram A represents a GC elution
pattern of a particular fraction III
on 6% OV-210 + U% SE-30. Chromatogram
B represents the same fraction but on5% OV-210.
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Traces of Mirex in Some Canadian Human Milk Samples
Jos Mes, David J. Davies. and Walter Miles

Department ol National Health and We/fare. Health Protection Branch.
Food Directorate, Tunney's Pasture,

Ottawa, Canada

Introduction

Mirex (1, 2, 3, 4, 5, 5,6,7,8,9,10,10-dodecachlorooctahydro-
1,3,4-metheno-2H-cyclobuta (c,d) pentalene) has
mainly been associated with the control of the Fire
ant in the Southeastern U.S.A. (ALLEY 1973), where it
was subsequently found in non-target organisms
(COLLINS et al. 1973, WOJCIK et al. 1975) including
man (ANONYMOUS 1976). Recently Mirex has been found
in Canada in fish from Lake Ontario (KAISER 1974) and
in eggs of double crested cormorants (ZITKO 1976).
This paper reports on a limited study of Mirex in
human milk samples from across Canada, using U.V.
irradiation to limit interference from polychlorinated
biphenyls (PCBs).

Sampling

Fourteen human milk samples were selected from
samples acquired during a recent human milk survey of
polychlorinated biphenyls. Five samples came from
Ontario, 2 from the Eastern (New Brunswick, Nova
Scotia), 3 from the Central (Manitoba, Saskatchewan)
and 4 from the Western (Alberta, British Columbia)
region.
The selection was based on observed Aroclor 1260
patterns, where a proportionally large peak 13
(REYNOLDS, 1969) could indicate the presence of Mirex
under the gas chromatographic (GO conditions used.
The samples were collected, during the first 4 to 5
days of lactation, in previously washed, heated
(350°C) and hexane rinsed bottles with aluminum lined
caps. Sample weights ranged from 18.5 to 114.Og.

Analytical Methods

Glass-distilled, residue free solvents were used.
Aroclor 1260 and Mirex (99.9%, pure) were obtained
from Monsanto Chemical Co. and EPA-Research Triangle
Park N.G. respectively. Silicic acid (Mallinckrodt
2847), Florisil, anhydrous Na2S04 and Celite (545,
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A'.-.') were soxhlet extracted with CH2Cl2 until free of
interfering residues, and heated at 130°, 3CO°, 90°
and :3°C respectively. Silicic acid was deactivated
wirh -4.4 % and Florisil with 2% H20.
Extraction and cleanup. The total milk sample was
weighed and centrifuged at 1200 rpm for 20 min in a
Squibb separafory funnel. The fat layer was saved
and extracted with 100 ml of 5% benzene in acetone
(v/v) for 2 min. Any precipitate was removed by a
Buchner funnel and the acetone evaporated on a glass
roTatcry evaporator (<30°C). The wet residue was
redissolved in hexane and filtered through - 2.5 cm
cf anhydrous Ma2SOu. The hexane was evaporated as
= bove and the residue redissolved in acetone for
-reci^itation of the fat at - 7S°C (MCLEOD et al.
1372).
Separation. A slurry of 4.5 g silicic acid and 1 g
Celiie in hexane was poured into a glass column (12
Tjn O.D. x 40 cm) with a £0 ml reservoir and teflon
stopcock and packed under J.T2 pressure. Excess
hexane was eluted until a few mm from the top of the
adsorbent. Dry Florisil (4.5 g) was added to fill
the remaining column space. The fat free residue
was applied in hexane to the Florisil-silicic acid
colu-T.n. Hirex and PC3s were collected under pressure
in 35 ml of hexane at a flow rate of 2-2.5 ml/min.
Mass spectrometry (MS). A Varian Mat 311A coupled
TO a Varian 1440 GC by a Watson-Biemann separator
was used.
The hexane fraction from the column was evaporated
under N2 and redissolved in 100 ul CHoC^- Single
ion monitoring was carried out with 5 yl injections
of sample and standard (2 ng/iil) at m/e = 545.6 and
m/e = 271.8. Mirex was estimated using the molecular
ion peak (m/e = 545.6).
U.V. irradiation. Standard solutions were prepared

Ratio
PCB/Mirex

10
50
32
66

-I of solutions A and 5 were irradiated according to
LE'.-;iS et al. (1976) in a quartz cuvette with cork
stopper at 8 cm distance from the U.V. light source
(General Electric germicidal lamp 615T8, 15W).

in 5ro diethylamine (DEA) in hexane

TABLE 1

Standard Concentration in
solution

A
3
C
D

F

Arcchicr

9.
9.
9.
3.
6.

4
4
4
1
3

X
X
X
X
X

10
10
10
10
10

1260

-4
-4
-4
-3
-3

0.

0.
0.
0.
0.

1

96

96
19
96
96

(Table

ug/ul
iirex
X

X
X
X
X

10

10
10
10
10

-4

-4
-4
-4
-4
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183°C;

Recoveries were checked at 20, 25, 30, 45 and 60
nin. A 2 ml aliquot of solutions C to F was irradiated
for 30 nin to determine Mirex recovery.
The hexane fraction remaining after MS analysis was
concentrated, transferred to a quartz cuvette, eva-
porated and redissolved in 1 ml of 5% DEA in hexane.
Samples were irradiated for 30 min.
Gas chromatoeraphy. After irradiation 10 ul out of
250 pi were injected into a Varian 1UOO with Scandium
Tritide electron capture detector, under the following
conditions:
Column: 0.6 x 183 cm, glass, packed with 3% OV-210
+ 3% SE-30 on chromosorb W(AW) 60/80 (0.3 g of each
phase on 10 g solid support).
Temperatures: Injection : 222 C; Column
Detector : 262°C. Under these conditions the absolute
retention time of Mirex was approximately 60 min.
Ten microliter injections of solutions A and B were
made before and after every two sample injections.
Peak heights were used for quantification.
Controls. Two human milk samples, spiked with 0.1
and 0.01 ppm Mirex, and one blank were subjected to
the entire analytical procedure including the U.V.
irradiation.

Results and Discussion

The calculated peak height ratios of peaks 13/8 in
aroclor 1260 in human milk samples were 0.56 and
O.UO for a 3% OV-210 + 3% SE-30 and 5% OV-210 GC
column respectively. Standard aroclor 1260 gave
ratios of 1.03 and 0.65 for the same columns. The
ratios of most of the samples used in this investigation
were considerably > 1.00 (Fig. 1). The PCBs of
these samples were chromatographed under conditions
where Mirex and peak 13 would give identical retention
times. The unusual ratios could have been caused by
the presence of Mirex.
The length of time Mirex was irradiated did not seem
to affect its recovery (Table 2), while the overall
effect on PCB recovery was not considered large
enough to irradiate more than 30 min.

TABLE 2
Effect of duration of U.V. irradiation on Mirex and PCB
recoveries

LJa

2B MIN
- Fig. l. c:

Time (min) % Mirex recovered

20
25
30
U5
60

90
87
86
91
90

% Peak 13 of aroclor
1260 recovered

12
8

10
7
5

In mixl
did not se

The Effect
Mirex recov

Ratio PCB/Mi

10
SO -

"32 ~
-• 66 ?

a 3 determir;
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Fig. 1. Chromatogram A represents a typical PCB
elution pattern of human milk used in this investigation.
The broken line indicates relative response of peak 8
and 13 in standard aroclor 1260 under the same conditions.

In mixtures of Mirex and PCB, varying the rairex content
did not seem to affect recovery of the latter (Table 3).

TABLE 3

The effect of varying the PCB/Mirex ratio during irradiation on
Mirex recovery

Ratio PCB/Mirex Quantity kept constant % Mirex recovered3

10
50
32
66

3 determinations.

PCB
PCB
Mirex
Mirex

90.9 ± 7.14
92.7 1 5.0
78.3 ±1.5
82.6 ± 3.7
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Increasing the PCB content reduced Mirex recovery by
approximately 10%. Examples of before and after U.V.
irradiation are given in Fig. 2, chromatograms B and
C.
The recovery of Mirex from spiked samples at the 0.1
and 0.01 ppm level were 88 and 77% respectively. The
blank was free of interfering residues.
Mirex was found in 3 out of the 1U samples analysed
(Fig. 3). Although Mirex can be identified by GC,

m/e= 545.6

x
UJcr

ocr
2

m/e = 545.6

Fig. 3. Mass spectrogram of Mirex in human milk at
M/AM = 2000.

using irradiation to limit PCB interference and its
presence confirmed by MS, quantitative results at
these low levels obtained by GC remain questionable
as indicated by the poor agreement between MS and GC
data. The data in Table *4 are more an indication of
the presence of Mirex than their absolute levels.

TABLE

Mirex in human milk samples

Sample

Mo.

1
2
3

ng/g
MS

wet weight fat

GC

wet weight fat

0.6
0.3
0.2

15.3
21.5

6.14

0."4
0.2
0.1

9.3
11.1
2.3
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All positive samples came from cities on Lake Ontario
and Erie, where the Kirex problem was first identified
(KAISER, 197U).
Chroinatogram D in Fig 2 shows a human milk sample
containing Mirex. At the <1 ppb level interference
is still considerable.
The small amounts of Mirex do not account for the
large ratio differences found in the human milk
samples selected for this study compared to others
previously analysed for PCS. This still remains an
interesting question.
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Effect of Polychlorinated Biphenyls on the Elimination
Rate of Antipyrine from Plasma of Rats and Man

V. Krampl, and M. Kontsekova
Institute ol Hygiene & Occupational Medicine. Bratislava. Czechoslovakia

The ability of pclychlorinated biphenyls /FCPs/
to induce the activity of hepatic micrcsoaal enzymes
that catalyze the metabolism of drugs and other
xencbiotics has been well documented /VILLAIiEUVE et
al.1971, BENTHE et al.1972, BICKERS et al.1972,
LITTERE3T et al.1972, CHEK and DU BOIS 1973, JOHKSTOIiE
et al.1974, SCHiYOLDT et al.1974, ECOBICHON and COî 'J
1974, GOLDSTEIN et al.1975, SANDERS and KIHKPATHICK
1975X. This phenomenon has been paralleled by an
enlergraent of the liver and proliferation of the
endoplasmatic reticulum /HISHIZU1«I 1970, ALLZw et al.
1973, BRUCKNER et al.1974, ALLEN 1975, KASZA et al.
1976/.

Y/hile these studies have provided information on
the ability of PCEs to cause enzyme induction in
various animals no data are available on the effect of
exposure to PCBs on enzyme induction in man. Therefore
the main objective of our investigation was to study
whether occupational exposure to PCBs changes the holf-
life of antipyrine in plasma of workers in production
of these important industrial chemicals. It has been
shown /KOLi»'.ODIN et al.1968, VESELL and PAGE 1968/ that
the measurement of plasma antipyrine half-life is a
good indicator for assessing the activity of liver
microsonal enzymes.

Present paper reports that a single dose as well
as the short-term administration of Delor 103, a poly-
chlorinated biphenyl, increased markedly the elimina-
tion nf antipyrine from plasma of rats and that plasma
half-life of antipyrine in workers occupationally
exposed to a commercial mixture of PCBs was signifi-
cantly shorter than in control subjects*

Materials and Methods

A n i m a l s . Male Wistar rats, 140 - 155 g

Address for reprints: Dr.V.Krampl, Euklianska 26,
88541 Bratislava, Czechoslovakia

0007-4861/78/0020-0191 S01.60
© 1978 Springer-Verlag New York Inc.



maintained on Larsen diet were used in these exoe-
rinents and were fasted overnight prior to killing.

There were two experimental groups. A group for
subacute treatment received 5 rag/kg body weight of
polychlorinated biphenyl Delor 103 /a commercial
product that contains 42 56 chlorine by weight/ daily
for a period of 5 weeks. Rats in the so called acute
group obtained 100 mg/kg body weight of Delor 103 in a
single dose. Doses were administered in pure vegetable
oil by means of oral tube. Control animals received
only oil.

Antipyrine was administered orally, as an aqueous
solution, in a single dose of 50 mg/kg body weight 72
hours after the last treatment.

S u b j e c t s . Three groups of subjects were
investigated. A group of 26 workers-men, ranging in
age from 18 to 54 years, who have been exposed to a
mixture of commercial products PCBs /Delor 103, Delor
104 and Delor 106/ in the production these compounds
for a period from 2 months to 19 years.

A control group of 18 not exposed men from the
same factory, meinly research workers and office
personnel in the age from 19 to 50 years. They have
worked in the factory for a period 1 to 22 years. All
subjects have been from the same geographical area.

A control group of 27 not exposed student
volunteers from different geographical areas. All the
volunteers were men between 20 and 27 years of age.
No subject investigated received medication during or
for one month preceding the investigation.

M e t h o d s . Antipyrine was given orally in a
single dose of 1 g. Venous blood was collected in
heparinized tube 3,6,9 and 12 hours after ingestion.
Plasma concentrations of antipyrine were assayed by
precipitation procedure according to method of BRODIE
et al./1949/. The half-life of antipyrine in each
subject was determined from the linear portion of a
plot of the plasma values on semilogarithm paper.

Results

Aniral model was used to find out whether PCBs
alter the rate of disappearence of antipyrine from
plasma. The elimination rate of antipyrine from plasma
of rats treated with Delor 103 was significantly
increased. The plasma concentrations of antipyrine in
rats treated with Delor 103 in both acute and subacute
groups were significantly lower /P-̂ 0.05 - 0.001/ than
those in controls at each time interval with the
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E
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O—Controli
--D«lorl03

4 hours

Figure 2. The rate of elimination of antipyrine from
plasma of rats treated with the repeated daily doses
/5 mg/kg B.V.'./ of Delor 103 and in control group.
Antipyrine was administered orally in a single dose of
50 rag/kg B.'/;. 12 hours after treatment. Sach point
represents the mean value and S.D. of 6 animals.

there was a mean of 14.6 hours, with a standard
deviation 1.7, and a range of 10.2 to 20.3 hours. For
control group of student volunteers the mean of
antipyrine half-life was 18.2 hours, with a standard
deviation of 5.3 and a range of 9.4 to 29.1 hours.

The plasma half-life of antipyrine in workers
exposed to PCBs was significantly lower than that in
both control groups rep-resented by subjects from the
samp factory /?--=0.001/ and the student volunteers
/P-==O.C01/, respectively. The difference in the
values of antipyrine half-lives between control
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Figure 3. The plasma half-life of antipyrine in
workers occupationally exposed to a mixture of
commercial products of PCBs and in control subjects.

groups was statistically significant /P-=c0.02/. In
workers occupationally exposed to PCBs, no significant
correlations was observed between duration of exposure
and the plasma half-life of antipyrine.

Discussion

Our data from animal experiment indicate that
Delor 103 increased markedly the elimination of
antipyrine from plasma of rats following the acute ea
well as subacute treatment. These results confirm our
previous unpublished observations demonstrating that
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Delor 1C3 is a potent enzyme inducer. Since the elini-
nation of antipyrine is totally dependent on its rate
metabolisn by liver raicrosomal enzymes we decided to
study liver enzyme induction in workers occupationally
exposed to rCBs by measuring of plasma half-life of
antipyrine.

Plasma antipyrine half-life appears to be more
sensitive indicator of liver enzyme induction than
other methods proposed for examination of the drug
metabolizing capacity of the liver in man. Thus,
MCHC-AN and ROAI<J /1974/ have found no evidence that
high tissue stores of DDT, 1>L>L and cieldrin stimulate
the hepatic synthesis of D-glucaric ecid in exposed
workers despite reports that the estimation of urinary
excretion L-glucaric acid is a sensitive end reliable
measure of hepatic-enzvme activity /HUNTER et al.1971,
DAVIDSON et al.1974/.

KOLilCDIN et al./1969/ have reported that workers
occupationally exposed to various chlorinated hydro-
carbon insecticides, mainly lindane and DDT, had a
significantly shorter plasma half-life of antipyrine
than control subjects from the same factory. In the
presert etuly it has been shown that FC3s, as further
of chemical environmental factors, affect antipyrine
metabolism in man. The plasma half-life of antipyrine
was significantly shorter in workers exposed to FCBa
than in control subjects for both the control group
from the same factory and control group of student
volunteers. However, in control subjects from the
factory antipyrine had a significantly shorter half-
life in plasma than in control subjects represented
by student volunteers. Although the mean of half-life
of antipyrine in students* is 25 % longer than that in
large group of 307 healthy male subjects reported by
VESTAL et al. /1975/, the range in this our control
group, 9.4 to 29.1 hours, is smaller than their data
4.8 to 41.7 hours.

Our observations suggest that hepatic enzyme
induction by PCEs occurs in man. If the assumption is
right, this phenomenon could affect significantly the
toxicity of PCBs themselves by accelerating their
metabolism. However, recently SHIluADA /1976/ and latest
SEYMOUR et al. /1976/ have brought eoire evidence to
previous assumptions of different investigators, that
activated intermediate metabolites of PCBs can induce
the chronic liver injury. Furthermore, our data
demonstrate that these factors of industrial environ-
ment nay play a. role in regulating the rate of drug
metabolism, whet is important from a therapeutic aspect.
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Persistent Pesticides and Environmental Chemicals
Are Taken Up to a Greater Extent than

Non-persistent Compounds by Cultured Human Cells
Makolo Murakami and Jun-ichi Fukami

Institute of Physical and Chemical Research
(Rikagaku Kenkyusho)

Wakc-shi. Saitama 351, Japan

Pesticides and other man-made chemicals have played
significant roles in increasing human needs such as food
production and industrial uses, but in consequence of
these uses some of these substances have entered the
biosphere as persistent toxic chemicals. Therefore, the
development of relevant test systems to evaluate the
persistency of chemicals in the environment is required
in order to eliminate the possibility of human exposure
to such persistent chemicals. During the course of an
examination of the uptake and persistence of pesticides
in cultured human cells, we found that the rate of initial
cellular incorporation of persistent pesticides, ODT,
aldrin, and dieldrin was considerably greater than non-
persistent insecticides, parathion and chlordimeform
(MURAKAMI and FUKAMI 1976). The present communication
presents cellular uptake data on eleven pesticides and
environmental chemicals of different classes. The results
demonstrate that persistent chemicals are taken up to a
greater extent than non-persistent ones by cultured cells.
This test method may be useful for evaluating the persistent
potential of chemicals which have the possibility of
environmental pollution.

Materials and Methods

Human embryonic lung diploid cells (HEL 299) from the
American Type Culture Collection (CCL 137) (Rockville,
Maryland) were used in these experiments. The cells were
grown as monolayer cultures as described previously
(MURAKAMI and FUKAMI 1976). Radioactive compounds used
in this work are listed in Table 1.

To determine the cellular uptake of chemicals, cells
in 5 ml of growth medium were planted in 24 cm culture
bottles. After 24 hours of incubation at 37° C the starter
medium was replaced with 5 ml of medium and the cells were
allowed to grow to near-confluence as indicated by micro-
scopic examination. Radioactive chemicals (0.02 ûnol )
in 0.05 ml of ethanol were added to the cultures. The '
chemical concentration in the medium is about 4 x 10~ M.

Bulletin of Environmental Contamination & Toxicology,
007^561/78/0019-0423 Sl.OO
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TABLE 1

Radioactive Compounds Used in This Work

Cowon MM

DOT

Md,».'

Carbaryl
ChlordiBafon

1.4-0
1.4.J-T

K*

•0

•CI/M1

1 . 1. 1-Tricklora-l ,1-bn <»-cMoro<**nrl- '•• '

S . t . » , • . la-ortahydro-1 . 4>«ndor««o-5 . 1-

0.9-Dlb*thyl-s l.l>ldiutho«y«areonyl) 4.4
• tnyl-l.l->4ciphoipMrodiuuoata
O.O-Diatbyl-l-^'c-O-E-nitroplmyl- j,

1.4-Dichl ropfMnoiy-l-14c-ac«tlc acid 34
J.4.»-Tn Morophaito«y-l->4c-acatic acid S4
»««aeblornliii»on«-14ciui jj..

KC ,..«,«„,

KC loacticida

KC InMcttcida

KC Inaaetieida

KC inaactiod*

KC Harblcida
KC Marbickd*

oraanic ayntlwaia.

• Carbon 1.1.1.4. and 10 poaltlona an lawllad «ith "c.

•• kbt>rt»lauoa i KC. (adlocMUcal Ca«tra.

In controls, the same amount of chemicals was simply mixed
with 5 ml of medium. Culture bottles were sampled at
4, 24, and 48 hours. At each period, the medium was
removed and the cell monolayers were washed twice with
cold 0.8 % NaCl solution and digested with 2 ml of 0.5 N
NaOH at room temperature (ZIMMERMAN et al. 1975).
Fifteen minutes later, 0.5 ml aliquots of the NaOH digest
were placed into liquid scintillation counting vials.
Radioactivity was measured on a Beckman LS-150 Liquid
Scintillation System, after the addition of 15 ml of a
mixture of 5 volumes of toluene with dimethyl POPOP
(0.01 g/1) and PPO (6 g/1) and 1 volume of Triton X-100
(MENEGHINI 1974). Counting efficiencies were determined
by reading directly from the quenching curve which was
plotted against external standard ratio, and counts per
minute were converted to disintegrations per minute.

Total protein per culture was determined by assaying
0.5 ml of the NaOH digest according to the method of
LOWRY et al. (1951) as modified by OYAMA and EAGLE (1956)
for tissue cultures.

The growth of the culture was measured by determination
of total cell protein after 48-hour exposure to chemicals.
The different compounds were applied at the concentration
of 0.02 umol /5 ml of culture medium. The growth of
treated cultures was expressed as the percentage of the
control growth (EtOH treated).
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Results and Discussion

Table 2 summarizes cellular uptake data obtained
when HEL cells were exposed to C-labelled chemicals
over a period of 48 hours. The incorporation rates of
DOT, dieldrin, and aldrin which are generally considered
to be persistent pesticides, were greatest among chemicals
tested. PCB which is also classed as a persistent chemical,
was taken up markedly by the cells, but the rate was slightly
lower than the chlorinated insecticides. HCB, another
persistent chemical, was also accumulated significantly.
Malathion, parathion, chlordimeform, 2,4,5-T, and 2,4-D,
generally considered to be non-persistent pesticides, were
taken up to a smaller extent than the persistent compounds.
A considerable amount of carbaryl was taken up by the cells.
This finding may suggest that the naphthalene ring in the
carbaryl molecule is involved in the incorporation potential
of this compound into the cells.

In a general way, it appears that an inverse relation-
ship exists between the uptake of the test compounds by
HEL cells and their solubility in water (Table 2).
However, a close correspondence does not exist between them.
This result may suggest that in addition to the lipophilic
character, some factors such as binding capacity to proteins
and other cellular constituents are involved in the uptake
of chemicals by cultured cells.

In order to examine the state of the cells during the
experiment, the effect of the chemicals on cell growth was
investigated. Host compounds were not toxic at the same
concentration and over the same experimental period as the
uptake experiments. The herbicides, 2,4-D and 2,4,5-T,
though less incorporated than the insecticidal and industrial
chemicals, appear to be more toxic. It is therefore evident
that differences in uptake are not the cause of the different
degrees of cytotoxicity of the chemicals.

HAAG et al. (1975) reported that 2.7 x 10~6 M of 2,4-D
caused a loss in cell differentiation of cultured chicken
muscle cells. Using HeLa cells, LITTERST et al. (1969)
and BLEVINS and DUNN (1975) found independently that carbaryl
was more toxic than some other insecticides tested. Our
findings on the inhibition of cell growth by chemicals are
in accord with the results reported in the above papers.
The drug-metabolizing system of the HEL cells was investigated
by the measurement of the ability of the cell to convert
the chemicals from a benzene soluble to an aqueous soluble
form, as described by LOCKE et al. (1971), and any compounds
tested were not metabolized by the cells.
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TABLE 2

Uptake of C-Labelled Chemicals into Cultured Human Embryonic Lung Cells
(Results are expressed as means + the standard error of the mean.)

Cell-associated

4 h

DOT

Dieldrin

Aldrin

PCB

HCB

Carbaryl

Malathion

Parathion

Chlordimeform

2,4,5-T

2,4-D

3690

3550

3590 .

1040

993

278

323

70.7

13.0

6.6

2.6

* 243

± 175

+ 369

+ 80.8

+ 67.3

+ 49.0

* 163

+ 32.5

+ 2.8

+ 1.0

+ 0.3

chemical (pmol/mg

24 h

4060

3860

3290

1250

916

551

164

31.1

18.7

12.0

5.0

* 277 -

+ 122

+ 224

+ 40.4

+ 78.6

+ 110

± 1U

± 2-5

+ 5.6

+ 0.4

* 1.5

of cell protein)

48 h

4830

4380

3640

1740

778

945

180

22.6

32.4

9.9

3.7

•f

1
•f

±

±
•f

•f

•f

•f

•f

•f

326

240

383

98

3

21

45

9

5

0

1

.0

.2

.3

.3

.6

.7

.8

.0

Water , Cell growth
solubility

(mg/1) (Per cent of control)

0.04

0.1

0.01

0.001

——

40

145

24

250

280

730

94

97

99

111

88

87

107

97

96

83

79

* References for water solubilities quoted : DDT, Dieldrin, Aldrin, Carbaryl, and Parathion
(LITTERST et al. 1969); PCB (HAQUE and SCHMEDDING 1975); Malathion (MEUJIKOV 1971);
Chlordimeform (NOYAKU NO KAGAKU TO OY6 1972); 2,4,5-T and 2,4-D (BOHH and MULLER 1976).
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Conclusion

It can be concluded that persistent chemicals were
taken up to a greater extent than non-persistent substances
by cultured human cells. Increasing uptake of the
chemicals by the cells accorded with decreasing water
solubility in general, but a strict correspondence between
them could not be obtained. We propose that the method
employed in this study be used for detecting a compound
with persistent character in the environment. It will
be a useful addition to examinations of n-octanol-water
partition coefficient and of accumulation in fish and
other organisms which have been used for evaluating the
persistent potential of chemicals in the environment.

We wish to thank Dr. K. Fukunaga for his interest
and encouragement.
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Insecticides, Polychlorinated Biphenyls and
Metals in African Lake Ecosystems. III.

Lake Nakuru, Kenya
Yvonne A. Greichus', Algirdas Greichus1.
Barbara D. Ammann' and John Hopcrafl'

'Chemistry Department
'Entomology-Zoology Department

South Dakota State University
Brookings, S. D, 57006

'Baharini Wildlife Sanctuary
Nakuru, Kenya

INTRODUCTION

Lake Nakuru is known as "The Lake of a Million
Flamingos" and is famous for the large'variety of birds
and animals which inhabit the area. Because Lake Nakuru
is a "closed system" with no outlet, it is especially
vulnerable to pollution by toxic chemicals. In 1970
KOEMAN et al. (1972) examined the lesser flamingo
(.P'noeniconaias minor), white pelican (Pelecanua
onocrotalus) and a cichlid fish (Tilapia grahami")
for concentrations of insecticides and metals.

The present paper presents the results of the
last of four studies on concentrations of insecticides,
Polychlorinated biphenyls (PCB's) and metals in
African lake ecosystems. The results of the studies
on the first two lakes, Hartbeespoort and VoHlvlei
Dams, Republic of South Africa can be found in
GREICHUS et al. (1977a) and the third lake. Lake
Mcllwaine. Rhodesia in GREICHUS et al. (1977b).

STUDY AREA

Lake Nakuru is typical of many of the Rift
Valley Lakes in that it is a shallow, alkaline,
eutrophic lake surrounded by agricultural land (Fig.
1). The lake lies entirely within the boundaries
of Nakuru National Park. However the catchment area
includes rich agricultural land which is subjected
to insecticides and herbicides. It is situated
just south of the city of Nakuru (population 50,000)
which discharges its sewage effluent into the lake
after treatment through a one stage digester. It
covers an area of about 60 km^ with an average
depth of less than 1 m. The catchment area of
1938 km2 includes several rivers which empty into
the lake (Fig. 1). A number of fish-eating birds
such as the white pelican and the white-breasted
cormorant (Phalaarocorax carbo lucidue) were at-
tracted to the lake after the introduction of a

Bulletin of Environmental Contamination & Toxicology,
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5 and
II. small cichlid fish in 1961. The fish have flourished

apparently unbothered by the lake's high alkalinity
(>pH 10). The lake is rich in blue-green-algae
(Spirulina platensis) which serves as the major food
for the lesser flamingo.
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METHODS AND MATERIALS

Samples were collected during April. 1975 and
included water, bottom sediments, algae, aquatic
insects (water boatmen, Corixidae), chironomids,
and fish (Tilapia grahami). Unlike the studies on
the other African lakes, no fish-eating birds were
included as permission was not granted by the Ken-
yan government until it was too late for collection.

Collection and preservation of samples and
methods of analysis for insecticides, PCB's and
metals are described in GREICHUS et al.t 1977a.
All samples were preserved in 107. formalin except
water for metal analysis which was adjusted to a
pH of < 2.0 with HN03- All samples were flown to
the Pesticide Laboratory at South Dakota State
University for analysis. Samples were analyzed for
PCB's and the following organochlorine insecticide
residues: lindane, heptachlor, aldrin. endrin,
heptachlor epoxide, dieldrin, chlordane, endosulfan,
methoxychlor, bayluseide, toxaphene, DDE, DDD and
DOT. Metals included mercury, zinc, lead, arsenic,
cadmium, copper and manganese. Average percent
recoveries and standard deviations for samples for-
tified with insecticides, PCB's or metals are given
in GREICHUS et al., 1977a. Values for insecticides
and PCB's were corrected for percent recovery, but
metal values were not. In calculations of averages
and totals, less than (< ) values were included and
given one-half the stated value, that is, a value
of <0.1 would become 0.05.

RESULTS AND DISCUSSION

Insecticides and PCB's

No samples from the Lake Nakuru ecosystem had
levels of lindane, heptachlor, heptachlor epoxide,
aldrin, endrin. chlordane, endosulfan, methoxychlor,
bayluseide or toxaohene above the minimum analytical
levels for this laboratory. The most prevalent
residue was DDE followed by DDD, dieldrin and DDT
(Table I). No water or bottom sediment samples had
any discernible insecticide residues except a sediment
sample collected at the inlet of a sewer from the
city of Nakuru. This sample had 0.01 ppm of DDE
and 0.02 ppm DDD. Plankton, chironomids. water

V-o

a
CO
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TABLE 1

Average Concentrations of Insecticides and Polychlorinated
Biphenyls in the Lake Nakuru Ecosystem

No. DDE

ppm (ug/g)a

Dieldrin DDD
Total Total

DOT Insecticide PCB

Waters

Bottom Sediments

Plankton

Chironomids

Water Boatmen

Fish

10

10

lb

lb

lb

10C

<

<

0

0

0

0

.0001

.001

.05

.02

.02

.02

<.0001

<.001

0.03

<.01

<.01

0.02

<.

<.

0.

0.

0.

0.

0001

001

02

02

02

01

<.0001

<!.001

0.02

0.01

0.01

<.01

<.

<.

0.

0.

0.

0.

0002

002

12.

06

05

05

<j.001

<.02

<.5

0.59

0.52

<.5

a - All samples analyzed on a dry weight basis except water,
b - Each sample consists of a composite collected from all over

the lake,
c - Each sample consists of a composite of 10 fish ranging from

5.4 to 9.6 g. Ten composite samples were analyzed.



boatmen and fish had residues of DDE and DDD. No
dieldrin was detected in chironomids and water boat-
men and no DOT was found in the fish. KOEMAN et al.,
1972 reported only residues of DDE and dieldrin in
the same species of fish collected from Lake Nakuru.
Although the values in this study are reported on a
dry weight basis, it is possible to estimate the wet
weight value of DDE and dieldrin to be about 0.003
and 0.005 ppm, respectively. The highest values
reported by KOEMAN et al., 1972 were 0.002 and
0.0024 ppra, respectively for DDE and dieldrin. Fish
from Lake Nakuru had lower levels of average total
insecticide residues than did sun-dried fish from the u

northern end of Lake Tanganyika which ranged from I
0.69 to 2.04 ppm of DDE + TDE + DOT (DEELSTRA et al, '
1976). . -?

Only chironoraids and water boatmen had levels z

of PCB's higher than the minimum analytical levels *~
(Table 1). The pattern of PCB's more closely re- "c
sembled those of Aroclor 1254 than those of Aroclor -"
1260 (Monsanto Chemical Co.. St. Louis, MO). In £
general Lake Nakuru had lesser amounts of insect- ""
icides and PCB's in all types of samples analyzed, £ £
except water, than did Hartbeespoort and Voflvlei £
Dams in the Republic of South Africa (GREICHUS _i o
et al, 1977a) or Lake Mcllwaine in Rhodesia (GREICHUS § ^
et al, 1977b). H «£

Metals £
o

Average concentrations of metals in Lake Nakuru >->
are given in Table II. In general levels of arsenic, 2
manganese, lead, zinc and mercury did not appear £
unusual when compared to these metals in Hartbees- o
poort or VoSlvlei Dams in the Repbulic of South c
Africa (GREICHUS et al, 1977a) or to Lake Mcllwaine, °
Rhodesia (GREICHUS et al. 4977b). Levels of cadmium
in water, chironomids, aquatic insects, and fish £c
were higher in Lake Nakuru than in the other three £
African lakes. It was noted that bottom sediments w
from the Nakuru sewage inlet were higher in cadmium <
(0.46 ppm) than the other two areas, Nsoro River
inlet (0.16 ppm) and Nderit River inlet (0.17 ppm).
KOEMAN et al., 1972 reported fish in Lake Nakuru as
having 0.086 ppm arsenic, 1.6 ppm copper, 19 ppm
zinc, no detectable cadmium and 0.016 ppm mercury.
Converting the values in this study to an approximate
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TABLE II

Average Concentrations of Metals in Lake Nakuru Ecosystem

ppm (ug/g)a

Metal
Bottom

Water Sediment Chironomids Insects

No. Analyzed

Arsenic

Cadmium

Copper

Manganese

Lead

Zinc

Mercury

3

0.006

0.021

0.002

0.024

0.005

0.049

«v001

3

35.

0.27

6.2

550.

34.

140.

<.05

Composite

7.5

0.19

4.6

78.

1.3

61.

0.26

Composite

0.14

0.45

11.

12.

0.82

70.

0.16

3

1.80

0.26

10.

19.

0.84

110.

0.22

a - All samples analyzed on a dry weight basis except water,
b - Each sample consists of a composite of 10 fish ranging from

6.4 to 8.6 g. Three composite samples were analyzed.



wet weight value gives 0.33 pprn arsenic, 1.8 ppm copper,
20 ppm zinc, 0.05 ppm cadmium, and 0.04 ppm mercury.
Although the fish in this study had higher copper
concentrations than fish in the three African lakes in
the previous studies, the levels in this study agree
closely with those reported by KOEMAN et al. . 1972.
Metals in Nakuru fish fell within ranges given for
cadmium, lead and zinc for fish collected from the
San Antonio Bay (SIMS and PRESLEY. 1976) but were
higher in copper, mercury and arsenic. However some
fish from the U.S. Southeast Coast (WINDOM, 1972) had
as high or higher average levels of cadmium, copoer,
lead, zinc and arsenic than the average values for
Nakuru fish.

In general concentrations of insecticide residues
and PCB's in the Lake Nakuru ecosystem do not appear
at present to be a pollution problem. This is prob-
ably also true for the metals but it is difficult to
distinguish between naturally occurring concentrations
and those introduced by man.
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Residues of Persistent Chlorinated Hydrocarbons in
Human Tissues as Studied by Neutron Activation Analysis

and Gas Chromatography
Alf Bjorseth.1 Gulbrand Lunde1 and Erik Gybing2

'Centra/ Institute lor Industrial Research ^Department ot Environmental Toxicology
Oslo 3 — Norway National Institute ot Public Health

Oslo 1 — Norway

Several persistent chlorinated hydrocarbons are found to
be present in human adipose tissue and organs due to the
widespread distribution of these compounds in the envi-
ronment (KRAUL and KARLOG 1976, and references cited
therein). Among the most dominant of these compounds are
PCBs, DDT and DDE. The usual analytical technique for
determination of organochlorinated compounds in such
samples involves adequate clean-up and gas Chromatography
(GC) with electron capture (EC) detection. With this meth-
od it is inherent that non-volatile compounds do not pass
the GC-column, thus the possibility exists that some or-
ganochlorine compounds escape detection.

By neutron activation analysis (NAA), it is possible to
determine the total amount of chlorinated hydrocarbons
present measured as chlorine (LUNDE and STEINNES 1975).
In combination with NAA, GC-analysis results will give
an estimate of the fraction of the total amount of chlo-
rinated hydrocarbons present in the sample.

In the present paper we describe the determination of
hexachlorobenzene (HCB), PCS and p,p'-DDE in liver and
adipose tissue of 10 Norwegian subjects as determined
by GC and NAA. The results are compared with similar
studies from other countries.

EXPERIMENTAL

Samples. Samples of human autopsy material were pro-
vided by the Laboratory of Pathological Anatomy at the
Oslo City Hospital (Ulleval sykehus). No special selec-
tion was made, with regard to age, sex or occupation.
The samples were stored at -25 °C until analyzed.

Chemicals. All solvents used in this work were distilled
in an all-glass distillation apparatus and their purity
was carefully checked. Standards of the chlorinated
hydrocarbons were purchased from commercial sources, and
their purity checked by gas Chromatography. All glass-
ware used in the analysis were annealed by 550 °C.
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Clean-up. About 10 g of subcutaneous fat or liver was
grinded and extracted twice by 25 ml cyclohexane/isopro-
panol (1:1) by vigorous shaking for 2 hours at room tem-
perature. Water was added to the combined extracts and
the cyclohexane phase transferred to a smaller tube. The
oil yield was determined by removing the solvent in a
water bath.

About 1 ml cyclohexane and 2 ml cone, sulfuric acid were
added to 1 ml oil. The mixture was shaken for several mi-
nutes and centrifugated for 10 min. at 1500 rpm. The cyclo-
hexane phase was transferred to a small column containing
aluminium oxide activated at 800 C and deactivated with
5 % water. Non-polar chlorinated hydrocarbons were eluted
by 10 ml pentane. This solution was concentrated to about
3 ml in an aluminium heating block under a stream of high-
ly purified nitrogen. About 2.5 ml was used for the NAA
while the remaining part was used for the GC-analysis.

Gas chromatographic analysis. The GC-analysis was per-
formed on a Perkin Elmer model 3920 GC equipped with a
°3Ni-electron capture detector. A stainless steel column
of 2 m length and 2 mm inner diameter was packed with 3 %
SE-30 on Supelcoport 100-120 mesh. Nitrogen was used as
carrier gas and argon with 5 % methane as a make-up gas
for the EC-detector. Injector- and detector temperatures
were 275 °C and 300 °C, repectively, and the column tempe-
rature was programmed from 150 °C to 230 °C at 8 deg/min.

Identification and quantification of the peaks in the
chromatograms were performed by comparing retention times
and response factors with those of known standards. The
GC-profile of PCB in the different samples was rather
uniform and resembled most closely the commercial product
Aroclor 1254, which therefore was used as a standard.

To confirm identification, samples were also chromato-
graphed on a column filled with 1.5 % SP-2250/1.95 %
SP-2401 on Supelcoport 100-120 mesh under the same chro-
matographic conditions.

Neutron activation analysis. The principles for determi-
nation of trace elements in non-polar extracts have been
reported previously (LUNDE 1971). The samples were sealed
in polyethylene vials and transferred to the reactor by
means of a "rabbit" system, together with standards for
chlorine, bromine and iodine. The neutron activation was
carried out at a flux of about 1.5 x 10̂ 3 n/cm^ sec. with
an irradiation time of 5 minutes. The induced radioactivi-
ty was registered immediately after irradiation by means
of a 33 cm3 Ge-Li detector and a multichannel gamma spec-
trometer using 38ci (with 37.2 min. halflife) to quantify
the chlorine. Simultanously, bromine and iodine were deter-
mined by oOsr (halflife 17 min.) and 128I (halflife 25 min.),
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RESULTS

Gas chromatography. Among the chlorinated hydrocarbons,
residues of HCB, PCB and p,p'-DDE were present in all the
samples. The results of the analysis of the fat and liver
samples are given in Table I. The values in Table I are
calculated on basis of extractable fat. For each compound,
an average value is also given. Occasionally, other peaks
appeared in the chromatogram, but no attempt was made to
identify these.

TABLE I

Residues of PCB, DDE and HCB in fat and liver samples as
determined by gas chromatography (in ppm)a'

Sample

Number

1
2
3
4
5
6
7
8
9
10

Average

Age

81
65
72
68
29
48
73
67
86
78

Fat

PCB

1.39
0.69
1.70
4.44
1.61
2. HO
1.25
2.06
0.37
1.87

1.78

HCB

0.11
0.05
0.09
0.19
0.07
0.19
0.10
0.11
0.03
0.16

0.11

DDE

0.40
0.32
1.08
1.68
0.63
0.59
0.78
0.60
0.40
1.12

0.76

Liver

PCB

1.11
1.68
1.86
2.06
1.93
2.29
1.42
2.28
2.03
2.01

1.87

HCB

0.15
0.14
•0.11
0.12
0.11
0.16
0.12
0.11
0.23
0.20

0.15

DDE

0.35
0.79
1.21
0.90
0.84
0.60
1.09
0.70
0.88
0.60

0.80

ug/g extractable fat

Neutron activation analysis. The results of the NAA are
presented in Table II.. The results are calculated on the
basis of extractable fat and are corrected for blank values,
For the sake of completeness, the table also contains the
values of persistent organic brominated and iodated hydro-
carbons .
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TABLE II

Determination of the total organic bonded halogens in fat
and liver, as determined by neutron activation analysis

(ppm)3'

Sample
Number

1
2

3
4
5
6
1
8
9

10

Overage

Age
( Years )

81
65
72
68
29
48
73
67
86
78

Fat
Total Cl

1.19
0.62
1.73
1.99
1.6k
1.72
1.05
2.58
0.47
1.69

1.77

Total Br

0.005
0.012
0.005
0.017
0.010

0.005
0.005
0.005
0.029
0.005

-

Total I

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

0.001

-

Liver
Total Cl

1.06

2.17
1.60
-
1.68
-
1.30
2.57
2.03
2.67

2.08

Total Br

0.047

0.005
0.014
0.043

0.005
0.005
0.005
0.005
0.013
0.005

-

Total I

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

0.001

-

a) ug/g extractable fat

DISCUSSION

Only one investigation of residues of chlorinated hydro-
carbons (DDE, PCBs) in Norwegian subjects has previously
been carried out . (BJERK 1972). Recently, similar studies
have been performed in Denmark (KRAUL and KARLOG 1976)
and German Federal Republic (ACKER and SCHULTE 1974). A
comparison of these results is given in Table III. The
results may be difficult to compare due to the lack of a
standarized procedure for the analysis of these compounds,
and to the limited number of samples studied in the pre-
sent work. However, a few points may be made from Table
III. The two Norwegian studies both show that, on an av-
erage, PCB and DDE fat levels in Norwegians are lower
than in Danes and Germans. The most apparent reason for
this, is that the Norwegian studies lack the extreme max-
imum values of the other studies. In liver samples, the
Norwegian mean value is also lower than the Danish, how-
ever, the difference being smaller compared to the fat
values.

Only a li.r.i*
fat have be<
level of HC£
than in Gerr

Residues in

Country Year

Denmark 1972-73

GFR -
Koln

GFR -
Munchen

Norvay 1969-70

Norway 1975

ug/g extrac
b) The actual

The NAA results
pounds are pres
1.77 ppm and 2.
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pounds are much
0.03 ppn>. Persi;
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1 ppb in the ex-
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halogens in fat
tion analysis

Liver
Total Br

O.OkJ

0.005
-•-u,
o.jl»3
0.005
0.005
0.005
0.005
0.013
0.005

-

Total I

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

-

hydro-
previously
ar studies
OG 1976}
1971). A
III. The
lack of a
? compounds,
) the pre-
:om Table
on an av-
lower

ason for
treme max-
Iss, the
ish, how-
:he fat

Only a limited number of determinations of HCB in human
fat have been reported. As revealed by Table III, the
level of HCB seems to be significantly lower in Norwegians
than in German subjects.

TABLE III

Residues in human fat and liver in various countries (ppm)a)

Country Year

Denmark 1972-73

GFR -
KSln

GFR -
4unchen

Norway 1969-70

Norway 1975

1
Sample : HCB

Fat

Liver

Fat

Fat

Fat

Fat

Liver

2.9
(0.08-5.5)

€.k
(1.2-21)

-

0.11
(0.03-0.19)

0.15
(0.11-0.23)

DDE
i

PCB Refer-
ence

1».9 5.1
(0.31-18) (1.0-̂ 9)

6'°b) o I'll
2.9 6.9

(1.0-13) (2.1-12)

5.7 10
(1.1-19) (2.1-52)

3.3
(0.19-12)

0.76
(0.32-1.68)

0.80
(0.35-1.21)

1.61
(0-6.87)
1.78

(0.37-U.M)
1.87

(1.11-2.29)

KRAUL &
KARLOG
1976

ACKER &
SCHULTE
1971*
ACKER &
SCHULTE

BJEHK
1972
This
work

ug/g extractable fat
b) The actual value is E(DDT + DDE)

The NAA results show that persistent organochlorine com-
pounds are present in human fat and liver averaging
1.77 ppm and 2.08 ppm, respectively, measured as chlorine
on oil basis. The levels of persistent organobromine com-
pounds are much lower, with all measured values less than
0.03 ppm. Persistent organoiodine compounds are not de-
tected in this work. If present, the values are less than
1 ppb in the extractable fat.

It is also of interest to compare the total levels of or-
ganic bonded chlorine as determined by GC and NAA. In
Table IV, the values of HCB, PCB and DDE given in Table I
and II are converted to the equivalent amount of chlorine,
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It is noteworthy that, in variance with these results,
less than 20 J of the organochlorinated compounds deter-
mined by NAA in fish and other marine organisms fron
relatively uncontaroinated areas are accounted for by GC
(LUNDE and OFSTAD 1976).
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PCT, PCB and Pesticide Residues in Human Fat and Blood
S. Fukano and M. Ooguchi

Tokyo Metropolitan Research Laboratory ot
Public Health

Sriinjuku-ku, Tokyo 160. Japan

As descrived in the previous papers in this series
(DOGUCHI et .al 1974 ; DOGUCHI and FUKANO 1975), substa-
ntial amounts of PCTs were detected in human fat and
blood. Especially, the levels of PCTs were almost eq-
uivalent to those of PCBs in human .blood. In the end
of 1960 or begining of 1970, the levels of total DOT
in human fat were the same order of magnitude in Japan
and other countries, but the levels of BHC in Japanese,
especially of B-BHC, were 10 to 20 times higher than
the levels found amoung the populations of other coun-
tries compaired(DOGUCHI et al 1970).

Our interest in the pollution by these substsnces
led us to analyze the residues levels of PCTs, PCBs, DOT
and BHC in human fat of 30 samples collected in 1974 in
an atempt to compaire with the levels found in 1971 and
to obtain additional information with PCT pollution.
We also mentioned the residues of PCTs and PCBs in the
blood collected again from 10 subjects in 1975 out of
27 subjects who had been already examined in 1973 to
obtain some measure of changes in these residue status
with time.

Materials and Methods

Thirty samples of the adipose tissues, 18 males and
12 females, obtained in Tokyo in 1974 were subjected to
the analyses of PCTs, PCBs, DOT and BHC. Human blood
were collected again from 10 subjects in 1975 out of 27
subjects from whom blood were obtained to estimate PCT
and PCB levels in 1973(DOGUCHI and FUKANO 1975). De-
terminations of PCTs and PCBs were made with these
blood samples.

The residues of PCTs, PCBs and pesticides in the
fat were extracted with hexane-acetone(l:l) and cleaned
up by fuming sulphuric acid treatment and column chroma-
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tography on florisil and silica gel. Elution of DOT
and BHC with hexane containing 67, of ether followed elu-
tion of PCTs, PCBs and DDE from the column with hexane.
Subsequent procedures, gas chromatography and quantita-
tion, were the same as descrived previously(DOGUCHI and
FUKANO 1975).

The analyses of PCTs and PCBs in the blood were
made according to the method descrived in preceding pa-
per(DOGUCHI and FUKANO 1975).

The contents of ortho, meta and para terphenyl in
human fat and in KC-C, technical PCT product, were dete-
rmined by treating them with SbCl, to yield perchlorina-
ted terphenyls(DOGUCHI et al 1974} and by compairing the
peak hights of these isomers with those of authentric
samples on mass fragmentgrum of parent mass number(m/e
= 714). GC-Mass instrumental conditions were as follo-
ws : Shimazu-LKB 9000 system was used with a 100 X 3 mm
glass column packed with 2% OV-1 on 80/100 mesh Gas Chrom
Q. The operating conditions were : column temperature,
280°C ; flow late of herium, 30 ral/min ; trup current,
60 UA ; ionization voltage, 70 eV.

Results and Discussion

The average levels of PCTs and PCBs in human fat
were 1.11 ppm and 1.04 ppm on fat basis and respective
standard deviations were 2.01 ppm and 0.59 ppm. Neither
significant difference nor correlation were demonstrable
statistically between the levels of PCTs and PCBs in
human fat.

Table 1. Levels of PCTs and PCBs in Human Fat

No. of Samples
Mean Value
Range
S.D.

PCT Residues

30
1.11

0.04 - 9.20
2.01

PCB Residues

30
1.04

0.38 - 2.
0.59

50

( ppm on fat basis)

The peak profiles in the chromatograms of human fat
and blood were quite similar to that of KC-C, as shown
in previous papers(DOGUCHI et al 1974 ; DOGUCHI and FU-
KANO 1975). However, it was evidenced that the compo-
sition of PCTs in the fat was somewhat different from
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that of KC-C : the contents of ortho, meta and para iso-
mers in the PCX residues in human fat were 8% + 0.5, 47
% + 1.4 and 45% + 1.0 ( n-4 ), and those in KC~C were
9%, 58% and 33% respectively. Metabolic behaviour or
decomposition in the environment might be influenced by
structural features.
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With all subjects but one, no definitive changes as
regards the levels of both PCTs and PCBs in the blood
were recognizable between 1973 and 1975.

Table 2. Residue Levels of PCTs and PCBs in Human
Blood Collected from Same Subjects in
1973 and 1975 ( ppb on whole blood basis)

Age Sex
PCT Residues
1973 1975

PCB Residues
1973 1975

24
28
23
44
26
29
25
32
29
28

F
M
F
M
M
M
F
M
M
M

19.6
11.8
7.8
7.2
7.0
4.8
2.6
1.9
1.1
0.7

8.4
9.4
7.6
8.0
8.4
4.4
2.7
2.0
1.1
1.2

4.0
3.0
2.3
2.5
3.1
3.0
3.2
3.5
2.2
5.1

1.8
2.0
2.2
2.5
2.9
2.4
3.8
3.7
1.9
2.7
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The studies made by us(USHIO and DOGUCHI in press)
on the diet and by other investigators(MINAGAWA and TA-
KIZAWA 1975 ; NISHIMOTO et al 1973) on the food stuffs
revealed that the PCT residues in food were so low as
to be practically negligible. In general population,
ingestion of the residues in food is thought to be the
major route by which persistent environmental polluta-
nts enter into the body. However, as descrived above,
the levels of PCTs in human fat and blood were shown to
be almost equivalent to PCBs, despite negligible amount
of PCTs was found in food. These facts led us to pre-
sume extremely longer period of biological half time of
PCTs and/or other route responsible for accumulation cif
PCTs in human body than the route through ingestion of
PCT residues in food.

Table

Average
Max.
Min.
S.D.

3. Pesticide Residues in Human Fat
( 30 subjects, ppm on fat basis )

a-BHC

0.015
0.064

nd
0.012

0-BHC

2.32
5.41
0.16
1.42

y
0
0
0
0

Total
-BHC BHC

.026

.131

.003

.031

2.
5.
0.
1.

36
43
16
42

P,P'-
DDE

2
6
0
1

.91

.20

.21

.61

P.Pf"
DDT

0.
1.
0.
0.

68
44
20
33

Total
DDT

3.59
7.64
0.41
1.87

The mean concentration of total BHC was 2.36 ppm
and that of DDT was 3.59 ppm in human fat collected in
1974, as shown in table 3. About 98% of BHC was prese-
nt in the form of 3-BHC and 80% as DDE. The average
level of BHC in 1971 on 27 subjects(DOGUCHI et al 1970)
was 3.19 ppra and that of DDT was 3.60 ppm. The stati-
stical analyses could not show any significant differe-
nce between the levels of DDT in 1974 and 1971, but
lower level of BHC was demonstrated significantly in
1974. It was shown that the concentration of BHC in
human milk tended to decrease gradually ; the level in
1973 reduced to about 1/2 of the level in 1969, but no
changes were recognizable on the levels of DDE(YAKUSHI-
ZI et al 1975). The results on human fat and milk su-
ggest that BHC residues in human body are decreasing in
Japan.

DOGUCHI, M.,
Rep. Tokyo M
DOGUCHI, M.,
Contain. ToxL
DOGUCHI, M. L
icol. 13, 57
MINAGAWA, K.
Sogo Kenkyuk;
NISHIMOTO, T.
NISHIYAMA : :
USHIO, F. anc
col in press.
YAKUSHIZI, T.
SATO, K. INOL
of Osaka Pref
Food Sanitati
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Polychlorinated Biphenyl Residues in Maternal
and Cord Blood in Tokyo Metropolitan Area

by K. A K I Y A M A . C. Om. K. FUJITAM. and H. YACYU
Department of Environmental Health

Tokyo Metropolitan Research Laboratory of Public Health
and

M. OCI.NO and T. KAWA'NA
Department of Obstetric! and Gynecology

Tokyo L'nirersily Hospital
Tokyo. Japan

INTRODUCTION

A number of reports indicate that PCBs are
ubiquitously present in the biota of Japan (Tatsukawa
and Isono, 19*71, Mizutani et al, 1972, Hidaka et al,
1972, Kobayashi et al, 1972), although physiological
significance is not known at this present level found
in the fauna. An exposure to this substance for the
human neonate starts at the commencement of breast
feeding, however, the first exposure takes place as
early as sometime during fetal stage, as indicated by
the few incidences of "black babies" delivered by mothers
with or without overt symptoms during the outbreak of
PCB poisoning in Japan (Funatsu et al, 1971, Yamaguchi
et al, 1971). Lipophilic chlorinated hydrocarbons such
as DDT and PCB tend to "remain in biota for years, once
they are emitted to nature in substantial amount, even
after termination of actual application. The production
of PCBs was banned in 1972 in Japan and its use in the
open system has also been forbidden. This report is a
part of our project to monitor certain environmental
chemicals found in the tissues of residents in Tokyo
metropolitan area.

MATERIALS AND METHODS

Both maternal and cord blood was sampled at
Tokyo University Hospital at the time of delivery during
the period December, 1973 through February, 1971*. Blood
samples were taken in the blood container, pretreated
with hexane and stored at 5°C in refrigerator until the
time of analysis. For analysis of PCBs, we essentially
followed the standard method recommended by the advisory
committee for the Ministry of Health and Welfare (1972).
Twenty g of whole blood in 50 ml centrifuge tube was
shaken vigorously with 20 ml of ethanol. Five g of
potassium' hydroxide was added to this and heated at 90°C
for one hour. After cooling, the content was extracted
with three additional 20 ml portions of n-hexane. The
hexane was washed three times with water, dried through
the column of anhydrous sodium sulfate, and condensed
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ir. rl-D condenser tc the volume of 1 to 2 ml. The con-
der.sed sample was purified by letting it pass "through
the column consisting of 2 g of Florisin, 3 g of silica
gel and anhydrous sodium sulfate. PCBs were eluated
from the column with hexane and initial 180 nl of
fraction was collected. The eluate was concentrated
tc 1 ml, shaken vigorously with 1 ml concentrated sul-
furic acid and then hexane layer was buffered with
potassium hydroxide pellets prior to gas chromatography.

The gaschrcmatograph used was Shimazu GC 5 AP
equipped with °JNi Electron Capture Detector. The ope-
rative conditions for ?CB analysis were as follows.

column dimensions
column packing

column temperature
detector temperature
IJitrogen flow rate

3 mm x 2m
2% 0V - 1 on Gas Chrom.
80/100
200°C
250°C
60 ml/min.

The quantification of PCB residues followed the
method provided by Ugawa (1973). Total blood lipids
were determined by a modified method of Bragdon, i. e.
3 g of samples were treated twice in Folch's solvent
with a dispersing mixer; the filtered solution was
shaken with 0.05? sulfuric acid; the lower layer was
evaporated to dryness and the residue was weighed.

RESULTS AND DISCUSSIONS

Our data is summarized in Table 1. The mean PCB
level in adult blood (mother) obtained in our study
(2.8 ppb) corresponds well to those reported by other
workers in Japan (Inoue et al, 1974, Abe et al, 1974,
Doguchi et al, 1975). On a whole basis, PCB levels
in maternal blood are roughly threefold higher than
those in cord blood. Because of its strong lipophilic
tendency it was expected that PCBs were conveyed by
the lipid fraction in the blood. Though the llpid
levels in maternal blood were roughly twice as high
as those in cord blood, the correction of the values
to fat basis gave more or less similar results In terms
of the concentration ratio between maternal and cord
blood.

Gaschromatographic pattern of PCBs found in blood
is fairly similar to the patterns noted in adipose
tissues, namely closely resembling that of Kanechlor
500 and Kanechlor 600. The chlorine content of PCB
residues in the present investigation is calculated
roughly 53* which is very close to that of Kanechlor
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500

It is noteworthy that gaschromatographic patterns
of PCB residues found in the samples of mother-baby
pair are almost Identical (Fig. 1), and this suggests
that the placenta permits rather indiscriminate trans-
mission of the organochlorine compounds of closely
related chemical structure.

B
C

23

10 15 20 min

Figure 1: Gaschromatographic Patterns of
PCB Residues.
A : Maternal blood
B,C : Cord blood of twins

Narafu (1973) noted an excellent correlation
(0.972) as regards the PCB levels between maternal and
cord blood, however we failed to see such relationship
(-0.046 on a fat basis ; -0.018 on a whole basis). It
appears that this issue remains unsettled in the cases
of other organochlorine compounds such as BHC and DOT.
(O'Leary et al, 1970, Yamagishi et al, 1972).

SUMMARY

PCB levels were determined with maternal and
cord blood sampled at the time of delivery. All of
the twentyfour mothers selected for this experiment
are residents of Tokyo Metropolitan area. Gaschromatographic
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C.
——
1.5
0.9
——
0.3
1.6
0.7
0.7
0.9
0.6
0.6
1.1
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0.8
0.1
0.8
1.3
1.2
1.2
0.8
3.3
0.3
1.6
0.8

1.1

0.6

TABLE 1
Maternal

) Fat
M.

0.12
0.18
——
0.35
0.11
0.53
0.25
0.30

* 0.23
#

0.57
0.05
——
0.29
0.19
0.11
0.28
0.39
——
0.13
——
0.65
0.80
0.23
0.13

0.36

0.18
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Basis (ppm)
C.
___

0.31
0.23
___
0.06
0.33
0.13
0.11
0.22*
0.16*
0.17
——
0.22 •
0.21
0.13
0.06
0.25
0.21
0.36
0.17
0.22
0.35
0.08
0.19
0.21

0.22

0.10
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patterns of PCBs In cord blood closely resembled
those of mothers. The cord blood in general showed
lower PCB levels on both whole and fat basis than those
In the maternal blood. No correlation was noticeable
on statistical basis as regards the concentrations of
PCBs between the cord blood and maternal blood. Our
data suggests that the passage of PCBs through the
placenta follows general patterns observed in other
organochlorlne Insecticides.
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The Effect of DOT and PCB on Lipid Metabolism
in E. coli and B. fragilis

by DOLCLAS E. GREEK and JLLIAN E. KEIL
:ta 219, 437 Prtrentn -e Medicine Section
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. Toxicol. 8, _ LEWIS W. STULWAY

— Department o/ Biochemistry

;iol. 37, 911 and

SAMUEL H. SANDIFER
S3 , 88 ( 1 963 ) . Preventive Medicine Section

Department of Medicine
„ -_. . Medical University of South Carolina

_960 ) . Charleston, S.C. 29-101
-' 25° I1967)- DOT and FCB, chlorinated hydrocarbons similar in

structure and physiological effects (LICHTENSTEIN, et
al, 1969) , are of environmental concern because of their
ubiquity, magnification and effects in natural food
chains (COX, 1970; MACEK and KORN, 1970; GOULD, 1972;
McLANE and HALL, 1972). Recent work has also suggested
that DOT could be unrecognized source of FCB (MAUGH,
1973) . These chemicals have been of concern in human
health because of their accumulation in the fatty tissues
of man (DEICHMAN, RADOMSKI , 1968). A number of workers
have shown a statistical association between DOT and its
metabolites to risk factors of heart disease (ROAN, MORGAN,
1973; SANDIFER, KEIL, 1972) and to other pathological
states (HEINRICHS, et al, 1971; O'LEARY, et al, 1970a;
O'LEARY, et al, 1970b) . Conversely, DOT and its metabo-
lites have been screened as chemotherapeutic agents for
neoplastic diseases (WALKER, et al, 1970; TEMPLE, et al,
1969) .

In this experiment Escherichia coli and Bacteroides
fragilis were selected as models to observe the effects
of DOT and PCB on lipid metabolism in bacteria. Since
these species comprise about 90% of the intestinal bac-
teria in areas where lipid absorption occurs (DAVIES,
et al, 1970) , it was also of interest to study the meta-
bolism of DOT and PCB in these organisms.

Methods

E. coli was cultured in one liter Erlenmeyer flasks
containing 500 ml Trypticase Soy Broth. B. fragilis
was grown in 60 ml Scott Anaerobic Broth Bottles. Toxi-
cant treatment solutions were^prepared with Geigy 99.9%
pp'DDT and PCB (Aroclor 1242 ) dissolved in acetone,
(Nanograde, Mallinckrodt Chemical Works).

Each species of bacteria was treated with .01 ppm
DOT, .1 ppm DOT, .01 ppm PCB, .1 ppm PCB and acetone
(solvent control) . Each treatment consisted of four

. replicates. E. coli and B. fragilis cultures were in-
cubated at 35C" for 24 and~~49 hours, respectively. Cul-
ture flasks were agitated every four hours during the
incubation period. Upon completion of incubation, each

295

Bullrli* wf FpvirvnnrflliJ Ce*U»»io«ii*« 4 Toai«:*l*ffT-
Vol. 12. No. 3 c 1974 b* Spnacrt-VrrUc New York l«.



and
SAMUEL H. SANDIFKR

Drporfmcnl o/ Mcdirinc
Mrdiral linirrnily o/ Sonl/i Carolina

C'larltslon, S.C. 29401
DOT and PCB, chlorinated hydrocarbons similar in

ructure and physiological effects (LICHTENSTE1N , et
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ains (COX, 1970? MACEK and KORN, 1970? GOULD, 1972;
L/vNE and HALL, 1972) . Recent work has also suggested
iat DOT could be unrecognized source of PCB (MAUGH,

! )73). These chemicals have been of concern in human
! -alth because of their accumulation in the fatty tissues
! C man (DEICHMAN , RADOMSKI, 1966). A number of workers

,-\ve shown a statistical association between DOT and its
otabolites to risk factors of heart disease (ROAM, MORGAN,
973; SANDIFER, KEIL, 1972) and to other pathological
-.tates (HEINRICHS, et al, 1971| O'LEARY, et al, 1970a?
3'LEARY, et al, 1970b) . Conversely, DOT and its metabo-
lites have been screened as chemotherapeutic agents for
neoplastic diseases (WALKER, et al, 1970» TEMPLE, et al,
1969) .

In this experiment Escherichia cpli and Bacteroides
fragilis were selected as models to observe the effects
of DOT and PCB on lipid metabolism in bacteria. Since
these species comprise about 90% of the intestinal bac-
teria in areas where lipid absorption occurs (DAVIES,
et al, 1970) , it was also of interest to study the meta-
bolism of DOT and PCB in these organisms.

Methods

E. coli was cultured in one liter Erlenmeyer flasks
containing 500 ml Trypticase Soy Broth. B_. fragilis
was grown in 60 ml Scott Anaerobic Broth Bottles . Toxi-
cant treatment solutions were_prepared with Geigy 99.9%
pp'DDT and PCB (Aroclor 1242 ) dissolved in acetone,
(Nanograde, Mallinckrodt Chemical Works).

Each species of bacteria was treated with .01 ppm
DOT, .1 ppm DOT, .01 ppm PCB, .1 ppm PCB and acetone
(solvent control) . Each treatment consisted of four
replicates. E. coli and B. fragilis cultures were in-
cubated at 35C" for 24 and~49 hours, respectively. Cul-
ture flasks were agitated every four hours during the
incubation period. Upon completion of incubation* each
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replicate culture was centrifugtu at 2000 xg and the
pellet was lyophilized and weighed. Total lipids were
extracted from the lyophilized samples (VOHBECK, MARINETTI,
1965) and the solvent was evaporated under a stream of
nitrogen in tared vials. The residue was weighed, brought
up to a volume of 5 ml in chloroform-methanol 12:1) and
stored at 4C in Teflon-lined screw-cap vials. Total lipids
were determined from aliquots containing approximately
100 ug of total lipid by chromic acid oxidation (PANDE,
et al, 1963) using a standard consisting of a known con-
centration of total lipids extracted from a large culture
of E._ coli. All solvents were distilled.

DOT and its metabolites were quantitated by gas-liquid
chromatography on two different columns. Aliquots of the
samples in chloroform-methanol were evaporated to dryness
under a stream of nitrogen and were'made up to volume in
hexane (Matheson, Coleman and Bell, hanograde). Determina-
tions were obtained on a Tracor 220 gas chromatograph fit-
ted with two 6 ft x 2 mm ID glass columns and tritium-foil
electron capture detectors. Primary determinations were
obtained with a column packed with a mixed stationary
phase consisting of 1.5% OV-17 and 1.95% QF-1 on 100/120
Chromasorb WHP. Determinations were confirmed on another
column packed with a mixed stationary phase consisting of
4% SB-30 and 6% QF-1 on 80/100 Chromosorb WHP. Operating
parameters were: inlet 235C, column oven 200C, and detec-
tor 205C. The flow-rate of the nitrogen carrier gas was
70 cmVmin for the OV-17, QF-1 column and 80 cm /min for
the SB-30, QF-1 column.

Results

One way analysis of variance allowed calculation of
least significant difference at the 95% probability level,
for different numbers of replicate comparisons.

As shown in Table 1, only the .01 ppm DOT treatment
group showed a significant increase in dry weight in the
E. coli series. This parallels the findings of Keil,
et al IKEIL, et. al., 1972). There was no significant
difference in total lipid yields of any treatment groups
as compared to the acetone control. PCB had no detectable
effect on E. coli growth or lipid yield.



was centrifuged at 2000 xg and the
Li zed and weighed. Total lipids were
3 lyophilired samples (VORBECK, MARINETTI,
'ent was evaporated under a stream of
vials. The residue was weighed, brought
5 ml in chloroform-methanol (2:1) and
>flon-lined screw-cap vials. Total lipids
om aliquots containing approximately
pid by chromic acid oxidation (PANDE,

i a standard consisting of a known con-
il lipids extracted from a large culture
olvents were distilled.

tabolites were quantitated by gas-liquid
two different columns. Aliquots of the
orm-methanol were evaporated to dryness
nitrogen and were'made up to volume in
Coleman and Bell,, hanograde). Determina-
d on a Tracor 220 gas chromatograph fit-
x 2 mm ID glass columns and tritium-foil
etectors. Primary determinations were
lumn packed with a mixed stationary
f 1.5% OV-17 and 1.95% QF-1 on 100/120
•^terminations were confirmed on another
a mixed stationary phase consisting of
•1 on 80/100 Chromosorb WHP. Operating
mlet 235C, column oven 200C, and detec-
•-rate of the nitrogen carrier gas was
ov-17, QF-1 column and 80 cnr/min for

1 umn.

Results

is of variance allowed calculation of
lifference at the 95% probability level,
^rs of replicate comparisons.

)le 1, only the .01 ppm DOT treatment
lificant increase in dry weight in the
iis parallels the findings of Keil,
, 1972). There was no significant
I lipid yields of any treatment groups
acetone control. PCB had no detectable
jrowth or lipid yield.

TABLE 1

Harvest weights, toxicant residues, and lipid yields of
Escherichia coli cultures treated with DOT and PCB

Treatment No. Mean Mean Mean
Replicates Harvest Toxicant Lipid

Height Residues Yields
(mg) (ug) (ug/mg dry wt)

.01 ppm DOT

.1 ppm DOT

.01 ppm PCB

. 1 ppm PCB

Control

Acetone
Control

4

4

4

3

3

4

311.3

219.5

257.3

288.9

235.9

220.1.

2.05**

14.97**

N.D.

N.D.

0

0

38.9

36.6

36.8

37.7

31.9

35.3

LSD05* 4/4

3/4

51.6

31.8

4.8

9.5
*LSD = Least significant difference at 95% probability

level calculated from one way variance analysis.
**Total DOT « DOT + 1.114 (DDE + ODD)
N.D. » Not Determined

As shown in Table 2, .01 ppm DOT significantly
depressed the growth of B. fragilis and .1 ppm PCB
significantly stimulated growth.Neither dosage of
DOT had any effect on B. fragilis lipid synthesis, but
PCB caused a significant and apparently dose-related
depression of lipid synthesis.



TABLE 2

Harvest weights, toxicant residue, and lipid yields of
Bacteriods fragilis cultures treated with DOT and PCB

Treatment Ri

.01 ppm DDT

. 1 ppm DDT

.01 ppm PCB

. 1 ppm PCB

Control

Acetone
Control

UDOS*

No.
splicates

4

4

4

2

4

4

4/4

2/4

Mean

Weight
(mg)

93.0

99.0

137.4

210.4

119.7

109.9

26.0

31.8

Mean
Toxicant 1
Residues (\

(uq)

4.2**

68.38**

N.D.

N.D.

0

0

Mean
^ipid Yield

36.9

36.7

23.2

16.2

34.9

35.7

7.8

9.5
•LSD • Least Significant Difference at 95% probability

Level Calculated from one way analysis of variance
**Total DDT • DDT + 1.114 (DDE + DDD)
N.D. « Not Determined

TABLE 3

Comparison of DDT metabolites
in E. coli and B. fragilis

DOT Media
Concentration

.01 ppm DDT

. 1 ppm DDT

Escherichia
coli

DDD DDE

95% 51

98% 2%

Bacteroides
fragilis

DDD DDE

. 100% 0%

93% 7%
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Comparison of Polychlorinated Biphenyls in
Yusho Patients and Ordinary Persons

by
YOSHITO MASVDA. RIE KACAWA.

Daiichi College of Pharmaceutical Science!
Fukuoka, Japan

and
MASANORI KL-RATSUNE

Department of Public Health, Faculty of Medicine
Kyushu L'niveriity. Fukuoka, Japan

Since 1966, it has been demonstrated that poly-
chlorinated biphenyls (PCB) are widely distributed in
ecosystems of fish, shellfish and birds (RISEBROUGH et
al., 1968; JENSEN et al., 1969; ZITKO and CHOI, 1971).
FCB in the human body has also been analyzed in the
U.S.A. (BIROS et al.", 1970; PRICE and WELCH, 1972),
Germany (ACKER and SCKULTE, 1970) and Japan (MIZUTANI
et al., 1972). During 1968, in western Japan was
recorded a mass outbreak of "Yusho" due to a chronic
ir.gestion of rice oil that had been contaminated with
PCB (KATSUKI, 1969; HIGUCHI, 1971; TANAKA, 1972). It
is therefore desirable to elucidate PCB concentration
and components in human adipose tissue and milk of the
western Japanese and to compare these values with those
of Yusho patients.

EXPERIMENTAL

Samples were collected from hospitals in Fukuoka,
Saga and Ishigaki cities. The general analytical
procedure employed was essentially the same as the
Japanese standard analytical method of PCB (KAWASHIRO
et al., 1972). Hexane extract of the sample was
refluxed in IN-sodium hydroxide ethanol solution for
1 hour. The ethanol solution was extracted with
n-hexane. The n-hexane solution was washed with
purified water, chromatographed on silica gel (Wakogel
S-l), concentrated into a small volume and subjected
to gas chromatography using Shimadzu GC-5A with a
detector of Nickel 63 electron capture. A glass
column (3mm X 2m) packed with 5% SE-30 on Chromosorb W
AW DMCS was used.

Retention times of many gas chromatographic peaks
of all samples were identical to those of Kanechlors,
commercial brand of Japanese PCB. Gas chromatogra-
phic patterns of these samples were similar to those of
Kanechlor-500 (Cl 54%) and/or Kanechlor-600 (Cl 59%).
Amounts of PCB were obtained by a calibration curve of
PCB concentrations and total peak heights. The total
heights were calculated by adding heights of all peaks
except the height of the peak corresponding to 1,1-
dichloro-2,2-bis(p-chlorophenyl)ethylene (DDE).

Recovery rates of this experimental method were
tested by adding 5pg of Kanechlor-500 and repeating the
above mentioned analytical procedure and were estimated
to be between 80 and 110%. To check the PCB concen-
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tration, a few samples of each group of test materials
were chlorinated to decachlorobiphenyl (KAWASHIRQ et al
1972) by heating a glass tube (1 X 25cm) with sealed
PCB and antimony pentachloride at 220°C for 1 hour.
Amount of decachlorobiphenyl was estimated by gas
chromatography and converted to amount of PCB. The
PCB concentrations thus obtained were within the range
of half and double the correspondi'ng values obtained
by standard method.

TABLE 1 PCB in human adipose tissue and milk

PCE
in Saga,
The valu
the addi
chlorobi
supposed
analysis
nature o:

Time of Number
sample of
collection samples

PCB concentration
Whole basis
(Fat basis) ppm

Minimal Maximal Average
values values

—— ———— ————
Adipose
tissue
(Saga)
Milk
(Fukuoka)

Milk
(Ishigaki)
— —— —— • ————

——— ——— —— —————— _
Sept. -Nov.
1970 11

Jan. -March
1972 19

March
1972 12

—— ——— ———— ——— . ——

——— — • ———

0.3
(0.5)

0.01
(0.3)

0.01
(0.1)

—— —— - ———

———————

1.9
(5.3)

0.06
(5.6)

0.02
(0.7)

—— — ——— .

———— ——

0.9
(2.6)

0.03
(1.2)

0.014
(0.4)

— — • — - ——
Gas chromatographic patterns of the PCB were similar
to those of Kanechlor-500 (Saga and Fukuoka) or
Kanechlor-500 + Kanechlor-600(1:1) (Saga and Ishigaki)

TABLE 2

Case

Case
Case
Case
Case
Case

1
2
3
4
5

Age

17
25
73
48
46

PCB in tissues

Sex

male
male
male
female
male

of Yusho patients

Time of
death
(Time of
operation)

July,
July,
Nov. ,
Dec. ,
May,

1969
1969
1969
1970
1972

PCB concentration
Whole basis
(Fat basis) ppm

0
0
0
0
0

Liver

.1 (9

.2(10

.07(3

.07(1

.08(8

Adipose
tissue

.5)

.4)

.1)

.3)

.4)

1
2
3
0
4

.3 (3.

.8(15.

.8 (8.

.7 (0.

.3 (6.

7)
1)
4)
9)
5)

Case 6 33 female (Sept.,1972) - 1.9 (2.9)
Average °-l <6.5) 2.5 (6.3)

««.chlor-500

"mples
Figur.
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6

0.9
(2.6)

0.03
(1.2)

0.014
(0.4)
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or
Ishigaki)

oration

Adipose
tissue

1.2 (3.7)
2.8(15.1)
3.8 (8.4)
-.7 (0.9)
'..3 (6.5)
-.9 (2.9)
:.5 (6.3)

ilar to

RESULTS AND DISCUSSION

PCS concentration of human adipose tissue and milk
in Saga, Fukuoka and Ishigaki are listed in Table 1.
The values of Yusho patients are shown in Table 2. By
the additional experiments of recovery test and deca-
chlorobiphenyl method, the values in Table 1 and 2 were
supposed to be quite precise, though the quantitative
analysis of PCB is rather difficult due to the complex
nature of these compounds.

_j.'.- 'l:VL._i - ir Kanechlor-400

PCB from the rice oil

PCB from liver (Case 2)

PCB from adipose
tissue (Case 3)

PCB from adipose tissue
(ordinary person)

Kanechlor-500 +
^ Kanechlor-600 (1:1)

Figure 1. Gas chromatographic patterns of PCB
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PCS concentration in adipose tissue of Yusho
patients seemed to be a little higher than those of
ordinary persons on the average. In the gas chromato-
grams of all samples, the early peaks corresponding to
tetrachlorobiphenyls were seen very low in comparison
with the later peaks (Fig. 1). This pattern suggests
that the amounts of PCB in the body of Yusho patients
were much decreased in a year after' the accident.

When the gas chromatograms of Yusho patients and
ordinary persons were carefully compared, it was
discovered that the peak at retention time 31 min. was
very high in the gas chromatograms of Yusho patients
and low in those of ordinary persons as shown in Fig. 1.
The same peak, probably due to hexa- or hepta-chloro-
biphenyl, was noted in the rice oil which was contami-
nated with Kanechlor-400 (Cl 49%) and was taken by
Yusho patients. It is therefore evident that this
component of Kanechlor-400 still remains in the body
more than 4 years after the accident.

Only one sample of milk from Yusho patient could
be examined. The milk contained 0.06ppm of PCB and
showed more similar gas chromatographic pattern to C
or D than to E of Fig. 1.
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ACUTE HUMAN EXPOSURE
TO TCDD IN SEVESO, ITALY

G. Reggiani

F. Hoffmann-La Roche Ltd., Basel, Switzerland

The childrtn and adults who suffered injuries after exposure to chemicals that escaped in
July 1976 from a reactor during the production of trichlorophenol in Seveso, Italy, have
been repeatedly examined by a medical commission appointed by the judge holding the
legal inquest. All patients suffered burnlike skin lesions and all but two recovered
without residual effects. Chloracne occurred in 12 of these cases; it was mild in almost
all and has now disappeared. Systemic functions were repeatedly evaluated in all cases
and no evidence of visceral lesions was obtained, Immunocapability was normal and
chromosome aberrations were within the normal range.

INTRODUCTION
On July 10, 1976, during the production of trichlorophenol in the

Icmesa plant in Seveso, Italy, a runaway reaction resulted in the dispersion
of chemical material over an area of about 700 acres (Garattini, 1977;
Hay, 1976a, 1976b, 1977; Homberger et al., 1979). A few people, mainly
children, were injured by contact with the escaped chemicals and were
hospitalized. This report deals with findings obtained on examination of
these people, who were referred to the judge holding an inquest on the
accident. The judge had to determine the relationship of the injuries to
the accident and assess their nature, extent, and consequences. Thus far,
the injuries do not appear to be of a lasting nature.

SOURCE OF THE DATA
The 22 people referred to the judge, 7 adults and 15 children between

3 and 13 yr old, were hospitalized (n = 18) or admitted to outpatient
clinics (n = 4) within the first 2 wk after the accident. All have been
thoroughly examined by several independent clinicians, specialists, and
consultants. They have been treated repeatedly for lengthy periods in

This paper was presented al the Conference on Scientific Resolution of Dispute in the
Decision Making Process, Workshop on Human Exposure to 2,4,5-T and TCDD, Washington, D.C.,
June 4-6, 1979.

I am deeply indebted to Prof. Dr. K. H. SchuU, Dermatologische Univenitaisklinik, Hamburg,
for permission to use his pictures of the Seve*o cases in this paper.

Requests for reprints should be vent to C. Reggiani, F. Hoffmann-La Roche Ltd., Basel,
Switzerland.
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Copyright £> 1980 by Hemisphere Publishing Corporation
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hospitals. The nature of the clinical symptoms that apparently resulted
from the accident and the functions of all organs and systems of the body
have been evaluated by all available methods. Finally, they have been
examined twice by a group of medical experts appointed by the judge.

The hospital and examination records are the basis of this report. Only
17 of the original 22 cases referred to the judge have been retained. The
remaining five haVe not been considered for the following reasons: three
were eliminated from the inquest because their injuries had no relation to
the accident and two because they refused to submit to a medical
follow-up after the first examination.

ENVIRONMENTAL CONDITIONS
OF CONTAMINATION

The following chemicals were charged into the reactor where the
explosion occurred: ethylene glycol, tetrachlorobenzene, xylene, and
sodium hydroxide. It can be assumed that the following products escaped:
trichlorophenol, sodium trichlorophenate, ethylene glycol, sodium hy-
droxide, and the contaminant 2,3,6,7-tetrachlorodibenzodioxin (TCDD),
which had been formed as a condensation product because the tempera-
ture in the reactor rose above 200°C. In the emergency situation caused
by the accident, only the concentration of the latter substance surround-
ing the factory was measured. The aim was to assess the quantity of
TCDD produced, estimate the risk of exposure for the population, and
identify the contaminated area and have it evacuated and put underquarantine.

Samples of grass and vegetation were analyzed by gas chromatography
coupled with mass spectrometry (Wipf et al., 1979). The values obtained are
shown in Table 1.

DESCRIPTION OF THE OUTBREAK

Those exposed to the chemicals remained unaware of their exposure
for the first few days after the accident. They were mainly children who
lived in the vicinity of the factory. The first symptoms produced by the
exposure were itching, redness, and swelling of the skin, which rapidly
developed into lesions, resembling first- and second-degree burns, with the
formation of blisters and later crusts. Lacrimation and the sensation of grit
in the eyes were mentioned, but conjunctivities was not observed.
Inhalation of the chemicals probably did not occur because the mucosa of
the nose, pharynx, larynx, trachea, and larger bronchi was not affected.
These skin lesions, whose onset was noted 3-7 d after the dispersion of
the chemicals, were the complaint leading to hospitalization (Gianotti,1977).

We informed the physicians in charge of these cases in the hospitals
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FIGURE 1. Child (3^ yr old) with first- and second-degree burnlike skin lesions of the parts of the
body exposed to the chemicals (July 1976).

;3S-iTtf*t - "Aj ̂  ''^jt'itxi
FIGURE 2. The same patient as in Fig. t, with vesicles and pustules on the hands.



FIGURE 3. The vesicles, papules, and pustules of this use show crusts beginning to
of August 1976). form (beginning

FIGURE 4. Comedones and cysts at a specific
site, appearing about 2 mo after the exposure
(September 1976).

FIGURE 5. The patient shown in Fig. 4, with
eruption of chloracne.
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TABLE 1. Results of Chemical Analysis of Vegetation Performed by Glvaudan Laboratories, July and August 1076

Distribution of results (or three mcasurinc periods

TCDD
(nS/IOOg

vegetation)"

> 100
10-99
1-9.9

0.1-0.99
< 0.1

No. of
samples

11
IS
11
5
2

July 16-july 23

ppm

1.3-15.8
0.1-0.9

0.02-0.09
0.002-0.007

< 0.001

Mg/m1

1,300-13,840
100-970
21-90
2-7
< 1

No. of
samples

-
-
2

10
9

July 24-|uly 30

ppm MK/m'

_.
-

0.01-0.03 11-35
0.001-0.075 1-7.5

< 0.001 <l

July 31-AuRUSI 6

No. of
samples ppm

..
5 0.01-0.23

24 0.001-0.004
19 < 0.001

*-«/'»'

10-23
1-4
< 1

°Thc original results were expressed as micrograms per 100 g vegetation as a direct measure of loxicologic.il risk for humans and animjls. Later results on soil
samples were reported in micrograms per square meter, as a measure of general contamination. The conversion of the former unit to the l.ittcr (or to ppm) is h.iscil
on Ihe approximate value of 1 kg grass per square melcr. As the vegetation was very vjtijblc deviations ol a factor of t 2 m.iy occur.
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that besides the acute toxic dermatitis caused by the caustic chemicals
from the reactor, they should consider the possibility of other, more
serious problems of potential systemic poisoning caused by the presence of
TCDD. The physicians were provided with the medical literature pertinent
to this substance. In due time most of the patients developed chloracne
with different degrees of intensity. Analyses of the vegetation and plants
carried out by our laboratories and by the Italian authorities (Adamoli et
al., 1978) on samples of soil had shown that TCDD was present in the
environment at concentrations up to 5000 Mg/m2. The TCDD was
unevenly distributed in the area. It was therefore possible to subdivide the
area into zones of different levels of risk (Bisanti et al., 1978), zone A
being the most contaminated, as shown in Table 2.

Almost all of the cases dealt with in this report come from zone A. It
can be assumed that they were exposed to the highest level of contamina-
tion. Careful and repeated questioning by qualified physicians established
that the patients experienced continuous dermal exposure to the
chemicals. Furthermore, many of them ingested the chemical by eating
vegetables from contaminated gardens and by eating animals (chickens and
rabbits) that had lived in the same area (Table 3).

PATTERN OF SYMPTOMATOLOGY
The dermal symptoms that were the reason for the hospitalization or

for seeking medical advice were of two types:
1. Diffuse redness and swelling of the skin affecting mainly the

exposed areas of the body. In some cases vesicles, pustules, and crusts
were present and hyperkeratosis and vermicular atrophy occurred. Itching
preceded and accompanied the other signs of acute inflammation, but

TABLE 2. TCDD Levels in Zones A, B, and R, December
1976

Zone

Al
A2
A3 north
A3 south
A4
A5
A6
A7
B
R

Highest

5477
1700
2015
441
902
427
270

91.7
43.8

<5.0

TCDD (>ig,

Lowest

ND°
6.1
1.7

ND
ND
ND
ND
ND
ND
ND

,m«)

Avenge

580.4
521.1
453.0

»5-5 {i£S
62.8
29.9
15.5
3.0

0-0.5

NO. not determined.
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TABLE 4. Distribution of Cases by Type. Onset, and Duration of Acute Skin Lesions

Initials

B.M.

B.F.

C.C.F.
C.E.P.
C.P.R.

C.C.

C.E.

C.K.

CM.

S.A.M.
S.A.

S.S.

S.M.

B.R.A.

R.S.
S.I.
V.A.

Case

Se\

M

F

\1
F
F

M

F

F

M

M
F

F

F

F

M
F
F

Alt
!yr)

13

13

3n
9

!0

6

8

12

5
5

3

9

18

38
60
20

Type of skin
lesions

Acute dermatitis.
chloracne

Acute dermatitis,
chloracne

Acute dermatitis
Chloracne
Acute dermatitis,

chloracne
Acute dermatitis,

chloracne
Acute dermatitis,
chlcracne

Acute dermatitis.
chloracne

Acute dermatitis,
chloracne

Acute dermatitis
Acute dermatitis,

chloracne
Acute dermatitis.

chloracne
Acute dermatitis.

chloracne
Acute dermatitis,

chloracne
Acute dermatitis
Acute dermoKtls ~"
Acute dermatitis

Date of onset
of first skin

lesions

July 14

July 14

Juh 30
October 1976

|uly 13

luly 13 .

July 13

July 13

July 12

July 18
July 12

July 12

July 17

July 13

July 17
July 16
July 17

Duration of acute
skin lesions

(mo)

3

2

2
_
2

3

2

2

2

2
2

2

1
t

2

2
2
2

and on the ears, but they spread to the remainder of the face, neck,
shoulder, chest, lower trunk, and limbs in a few cases. The classification
recommended by the panel of chloracne specialists appointed for the
Seveso accident by the Directorate of Health and Safety of the European
Community uas used to grade the severity of the skin lesions (Table 6).
Only a few cases were moderately severe and none was very severe.
Distribution to practically the whole body surface with formation of
pustules and papules (grade 5) was not observed in these cases.

The chloracne lasted from 8 to 26 mo, the more severe cases lasting
longer. Recovery was complete without scars in all but the two worst cases
of the group. The residual scars still present at the time of the last examination
by dermatologists (May 1979) in these two cases are limited to the face.
They are not disfiguring and are therefore not aesthetically disabling to the
subjects. Thev ha\e continually improved in the course of the last U yr.
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duration of acute
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3
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2
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2

1

2
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ACUTEJTE HUMAN EXPOSURE TOTCDD

TABLE 5. Distribution of Cases b
,v Onset, intensitv, Duration

. and Sequelae of Chloracne

B.M.
B.F.
C.C.F.
C.E.P.
C.P.R.
C.C.
C.E.
C.K.
C.M.
S.A.M.
S.A.
S.S.
S.M.
B.R.A.
R.S.
S.|.
V.A.

M
f
M
F
F
M
F
F
M
F
F
F
F
F
M
F
F

13 ,
13

3
11

9
10

6
8

12
5
5
3
9

18
38
60
20

August 1976
August 1976

October 1976
September 1976
August 1976
August 1976
August 1976
August 1976

)uly 1976
July 1976
September 1976
October 1976

2
2
4
2
3
2

4
4

2
2

12
12
21
14
15
12

26
26

9
12

None
None
None
None
None
None
None
None
None
None
Residual scars
Residual scars
None
None
None
None
None

Complete recovery in these two cases can therefore be expected (Figs. 1-9).
(Figures 1-5, reproduced in full color, may be found between pages 28 and 29.)

The only other symptoms observed in these cases were gastrointestinal
tract disturbances of very short duration during the first days after the
onset of skin lesions and some burning of the eyes. Temperature always
remained normal. All cases required little more than regular cutaneous care
by qualified dermatologists. Despite this favorable aspect of the
symptomatology, the potential toxicity of TCDD dictated the course of
the medical survey of these cases. The possibility of systemic lesions was
always kept in mind, and the frequent examinations and laboratory

TABLE 6. Grades of.ntensi,vofCHlor«ne

0
1

2
3
4

No skin lesions
A few comedones (up to 10) at specific sites only

(face, auricular region, neck, chest)
More comedones and no cysts at specific sites only
Numerous comedones and cysts at specific sites only
Numerous comedones and cysts at specific and other

sites (limbs, scrotum, and other regions)
Comedones and cysts with inflammatory lesions

(papules and pustules) at specific and other sites
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analyses were designed to detect acute and subacute visceral toxic effects.
Clinical and laboratory data have been used as the basis for the investiga-
tion of systemic toxic i ty.

CLINICAL AND ELECTROPHYSIOLOGICAL
EXAMINATIONS

All patients were given repeated complete physical examinations. Liver
size in particular was regularly evaluated and any evidence of hepatic
enlargement recorded. This organ was slightly enlarged in five patients
with higher grades of chloracne and remained so for several months, but
there was no correlation with an increase of serum enzymes.

Detailed neurological examination (electroencephalography, electro-

10.11.1977

FIGURE 6. Comedones and cysis were still present in the armpits in November 1977, after these
symptoms rud disappeared from (he rest of the body.
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first medical examination in July 1976 to November 1978—no objective
evidence for any visceral or systemic disease was found.

LABORATORY DATA

In all cases the laboratory tests performed, other than routine
hemograms and urinaly'sis, were chosen to provide information about the
status of hepatic function, protein, lipid, and carbohydrate metabolism, as
well as porphyrin excretion. The hematologic values (blood counts
including platelets and prothrombin time) and the urine values always

^:-:*>•''-":";': •:•":?'; ̂ ££?3B

FIGURE 8. Inflammation ot the skin resulted in formation of scars, which were still deep in
November 1977.
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T A B L E 7. Func t iona l Tests and Values (Cardiovascular , Cent ra l and Per ipheral Nervous System
Immunocaoab i l i t v , Chromosome Aberrat ions)

Case

Initials

B.M.
B.F.
C.C.F.
C.E.P.
C.P.R.
C.C.
C.E.
C.K.
CM.
S.A.M.
S.A.
S.S.
S.M.
B.R.A.
R.S.
S.J.
V.A.

Sex

\l
F
M
F
F
M
F
F
M
F
F
F
F
F
M
F
F

Age
(yr)

13
13
3

11
9

10
6
8

12
5
5
3
9

18
38
60
20

Electro-
cardiogram

blood pressure

Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal

EEC, EMG, motor
and sensory trans-
mission velocity

Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal

Immuno-
capability

Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal

Chromosome aberrations

Within standard range
Within standard range
Within standard range
Within standard range
Within standard range
Within standard range
Within standard range
Within standard range
Within standard range
Within standard range
Within standard range
Within standard range
Within standard range
Within standard range
Within standard range
Within standard range
Within standard range

TABLE 8. Results of Liver Enzyme Analyses Performed between Ju ly 1976 and May
1979

Initials

B.M.
B.F.
C.C.
C.E.
C.P.
C.C.
C.E.
C.K.
CM.
S.A.
S.A.
S.S.
S.M.
B.R.A.
R.S.
S.J.
V.A.

Case

Sex

M
F
M
f
r
M
F
F
M
M
F
F
F
F
M
F
F

Age
(yr)

13
13

S
14
12
14
9

11
12
5
7
5
9

16
39
63
20

SCOT
(S-20U/ml)J

Range

7-30
11-36
16-19
12-17
11-27
11-28
9-21

19-57
11-21
9-24

10-26
13-48
9-29

10-25
11-50
13-17
7-15

Mean

18.5
20.7
17.5
14.3
21
16.3
14.6
32.4
17.1
15.25
17.3
20.2
19.8
16.4
25.5
15.3
9.8

n

11
8
2
3
6
9
8
7
8
4

16
10
7
5
5
3
5

SGPT
(5-20 U/ml)°

Range

7-41
10-42
11-17
6-13
5-31
7-21
7-16

14-50
9-22
8-18
8-50
7-36
9-22
8-24
8-100

13-16
4-17

Mean

17.3
20
14
8.5

19.8
12.3
11.5
31.8
15.2
11.5
21.8
13.4
12.8
13.8
31
14.3
10

n

11
8
2
3
6
9
8
7
8
4

16
10
7
5
5
3
5

"Normal laboratory values.
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I Nervous System,

TABLE 9. Results of rGlutamyUransptPti_dase
Performed between )uly 1976 and May 19'9

and Alkaline Phosphatase Analyses

me aberrations

andard range
andard range
.andard range
:andard range
:andard range
cand.«d range
tar ranee
ranci«.d range
tandard range
tandard range
tandard range
tandard range
tandard range
tandard range
tandard range
'.andard range
tandard range

'76 and May

r
'm'

ran

7.3
)

•

i.S
1.8
:.3
.5
.8
.2
.5
.8
.4
.8
.8

3

n

11
8
2
3
6
9
8
7
8
4

16
10

7
5
5
3
S

I

'•i

Case

Initials
— . —— —
B.M.
B.F.
C.C.
C.E.
C.P.
C.C.
C.E.
C.K.
CM.
S.A.
S.A.
S.S.
S.M.
B.R.A.
R.S.
S.|.
V.A.

Sex
.n

M
F
M
F
F
M
F
F
M
M
F
F
F
F
M
F
F

Age
( y r )

— . —

13
13

5
14
12
14

9
11
12

5

5
9

16
39
63
20

rGT
(6-28 U/I]J

Range
. —— . — —— — •

6-15
6-23
9-15
6-12
6-14
9-20
6-12

11-56
9-18
7-18
6-41
9-12
7-12
5-15

15-40
22

6-35

Mean

9.8
13.3
11

8.6
10.6
14
9.6

26
13.7
10.5
26.4
10.5

8.7
8.2

26.6

20.5

n

6
3
3
3
3
4
5
6
4
4
9
4
4
5
3
1
2

US — »8 U(i|

(38-138 U/I)J

Range
_ — —————

61-302
58-64
59-177

100-123
56-118
83-305
62-87

105-144
100-364
67-346
44-278
54-257
48-69
44-70
25-85

110-115
34-175

Mean
—————— •

116.5
61

118
111.5

87
150.5

71.3
124.6
195.3
163.6
131.1
167.2

60
33.9
55

112.5
104.5

n
^— ^—

6
2
2
2
2
4
3
3
3
3
8
5
3
4
2
2
2

"Normal laboratory values.

TABLE 10. Results
July 1976 and May

of Analyses for Serum Bilirubin and Cholesterol Performed between

1979

Case

Initials
._
B M,|Vl.

B e.r .

cc.
C.E.
C.P.
C.C.
C.E.
C.K.
C.M.
S.A.
S.A.
S.S.
S.M.
B.R.A.
R.S.
S.|.
\/ A

Sex
~

M
F
M
F
F
M
F
F
M
M
F
F
F
F
M
F
F

Age
(yr)

__ — •

13
13

5
14
12
14

9
11
12

5
7
5
9

16
39
63
20

Serum bilirubin
(0.3-1.1 mg/lOOml)0

Range
————— ———

0.25-0.7
0.22-0.25

0.4-0.5
0.35-0.35
0.25-0.35

0.2-0.6
0.25-0.5

0.3-0.4
0.3-0.6

0.25-0.55
0.2-0.4
0.2-0.5
0.2-0.5
0.3-0.8
0.4-0.85
0.4-0.5

0.25-0.7

Mean
_ ——

0.43
0.23
0.45
0.35
0.31
0.44
0.36
0.35
0.4
0.45
0.3
0.35
0.4
0.54
0.73
0.45
0.45

n
. • '-

8
2
2
2
5
5
4
4
4
4
8
4
6
5
4
3
~*

Serum cholesterol
(160-250 mg/lOOml)d

Range
——— • — —— —

142-252

~

152-200
104-151

165
190

121-135

142-196
170-280
171-690

190

Mean
_— — - — • —

190

174.6
129.5

128

ISO
213.3
377

n

5

3
4
1
1
2

_

5
3

10
1

"Normal laboratory values.
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T A B L E T ] . Results of Anauses o i Scrum Triglvcendcs and Fasting Blooo Glucose
Por;oniicc1 between |ul> 1976 and \lj\ 1979

Initials

B.M.
B.F.
C.C.
C.E.
C.P.
C.C.
C.E.
C.K.
C.M.
S.A.
S.A.
S.S.
S.\1.
B.R.A.
R.S.
S.I.
V.A.

Case

Sex

M
F
M
F
F
M
F
F
M
M
F
F
F
F
\1
F
F

Age
( v r )

13
13

5
14
12
14
9

11
12

5
7
5
9

16
39
63
20

Serum triglycerides
150-150 ms,IOO ml)"

Ranee

S7-2S6
ISS

—
-

102-I5S
56-106

11S-:22
91-176

112-120
-

5S-250
47-1 S5
S8-201

113-162
102-1700

-
~

Mean

144.5
_
—
_

130
97

154
122.3
116
-

112.5
116
126.5
132.6
642
-
—

n

4
1

—

_

2
3
3
3
2
-
4
2
4
3
7

_
-

Fastiny blood glucose
(60-100 me/100 nl|J

Ranee

86-96
75-90
72-95
85-93
85-S6
77-95
77-88
76-112
78-85
72-95
48-101
40-108
75-108

_

104-160
109-138
80-88

Mean

91
82.5
S3. 5
89
85.5
86
83.5
92
SO. 6
83.5
78.7
69.6
91.5

130.4
123.5

82.6

r>

~i
^
•%
T

T

T

-»

4
3
-j
9
^

-\

5
-)

3

Normal laboratory values.

TABLE 12. Results of Coproporprn rin and Uroporphyrin Analyses Performed
between |uly 1976 and May 1979

Initials

B.M.
B.F.
C.C.
C.E.
C.P.
C.C.
C.E.
C.K.
C.M.
S.A.
S.A.
S.S.
S.M.
B.R.A.
R.S.
S.I.
V.A.

Case

Sex

M
F
M
F
F
M
F
F
M
M
F
f
F
F
M
F
F

Age
(yr)

13
13
5

14
12
14

9
11
12
5
7
S
9

16
39
63
20

Coproporphyrin
(20-250 *g/24h)u

Range

42-74
-
36
_
_
-
24
30
_
24

20-41
20
_
10
15
_

-

Mean n

58 2

1

_
_ _

1
1
_

1
30.5 2

1
_ _

1
1
_

-

Uroporphyrin
(10-30yg/24h)J

Range

14-20

24
10-19

16
9

9-20
9

10

-

Mean /;

17 2

1
14.5 2

1
1

14.5 2
1

1

-

J\orrrul laboratory values.
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Blood Glucose

•od ducosc
u/100 ml)1'

Mejn i

91
S2.5
33.5
S9
35
S6

5

S3. 5 4
92
0

8.

4
3
2

78.7 9
69 6 5
91.5 2

130.4 5
123.5 2
82.6 3

Performed

5 2
1

5 2
1

ACUTE HUMAN EXPOSURE IN TCDD 41

agent (Czaja and Summerskill, 1978; Leevy and Tygstrup, 1976; Wright et
al., 1977).

Serum bilirubin was not increased. The elevation of alkaline
phosphatase in some cases may be related to age (children in the period of
growth). Blood glucose, when measured under fasting conditions (hospital-
ized cases), was normal except in those (B.P., C.P.R., R.S., S.J.) who were
known to be diabetic or who had an abnormal glucose tolerance test. As
for lipid metabolism, both serum cholesterol and serum triglycerides
remained normal. In the cases where the test was performed, there was no
increase of either uroporphyrin or coproporphyrin in the urine.

PATHOGENESIS OF THE SKIN LESIONS

Chloracne has been described as a refractory acne seen in workers
involved in the production of chlorinated aromatic compounds. Kimmig
and Schulz (1957) described this dermatologic condition in workers in a
trichlorophenol factory and showed that trichlorophenol and its salts,
when applied to cutaneous areas, are not acnegenic. They showed,
however, that the contaminant TCDD isolated from trichlorophenol is a
potent acnegenic agent. It can therefore be assumed that among the
chemicals dispersed in the environment in the accident of July 1976,
TCDD was the cause of chloracne in the cases analyzed in this report.

The other skin lesions (erythema, acute dermatitis) were most likely
caused by the other chemicals. In the cases where chloracne did not
subsequently develop, the level of contamination and therefore of
exposure to TCDD was not sufficiently high and the sensitivity of the
subjects was lower than in the other cases. (These cases were adults, and
may have been less sensitive to acnegenic activity because of their age.)
The fact that chloracne did not appear in these cases does not exclude the
possibility that they absorbed a minimal amount of TCDD by skin contact
or ingestion.

Analysis of blood and urine samples to detect TCDD were performed
in five of the cases (S.R.A., C.E., C.K., CM., S.M.) but no detectable
quantities of TCDD were found. The negative results may be due to the
limits of detection of the methods of analysis used.

Tissue levels were analyzed in a 55-yr-old woman who died of
pancreatic carcinoma 7 mo after the accident. She lived close to the
factory and was certainly exposed to TCDD through ingestion if not by
direct contact. Two members of her family (S.A. and S.S.) developed
severe chloracne. Neither she nor the parents of the children developed
chloracne or had any skin lesions. The TCDD levels found in the tissues
are reported in Table 13.

From these values, one can speculate about the TCDD levels that lead
to skin, liver, and neurological lesions, but these data provide irrefutable
evidence of the presence of TCDD in the population.
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TABLE 13. Levels of TCDD Found in Human Tissues, |uly 28. 1977°

Sample

Liver
Fai
Pancreas
Lung
Kidney
Brain

Quantity
Origin (g)

Autopsy 10
10
5

10
10
10

Limit of
detection

(PPO

10
10
10
10
10
10

Recovery
d'o)

64
59
59
60
60
60

TCDD"
(ppbl

0.15
1.84
1.04
0.06
0.04
0.06

Vacuum Generator Micromass Laboratory, Altrincham (Manchester,
England).

*For a total body weight of 70 kg the calculated total amount at time of
death is 40 Mg.

CONCLUSIONS
Twenty-two people who suffered injuries after exposure to the released

chemicals during the first days after the Seveso accident were referred to
the judge holding the inquest. They were 7 adults and 15 children. The
judge appointed a medical commission, who examined the cases and
prepared a report for the judge's office. Of the 22 original cases, 3 were
excluded because their injuries were not associated with the accident and
2 because they did not submit to the medical examinations. Of the
remaining 17 who suffered burnlike skin lesions, all but 2 recovered
without residual effects. Chloracne occurred in 12 of these cases; it was
mild in almost all cases and has now disappeared. Systemic functions were
repeatedly evaluated in all cases and no evidence of visceral lesions was
obtained. Immunocapability was normal and chromosome aberrations were
within the normal range.
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Experiences in Human Milk
Analysis for Halogenated
Hydrocarbon Residues
JOS MES
Department of National Health and Welfare. Health Protection Branch.
Food Directorate. Tunney's Pasture, Ottawa. Canada

(RrifiiW August 12. /9HO)

Factors affecting the different stages or human milk analysis for halogenalcd hydrocarbon
residues are explored The variation in milk fat during breast feeding am) its consequences
for sampling arc outlined. Extraction efficiency is discussed in terms of f.tl content, residue
recovery und sample size.

The importance of clean-up procedures is illustrated by the removal offal from the extract
and unknown contaminants from adsorbents. Polychlorinalcd biphcnyls ll'C Its) are partially
separated from other halogenaled hydrocarbon residues on a Klorisil-silicic acid column.

Both packed and capillary gas cinematographic columns can be used for identification
and quantification of residues in human milk.

Confirmation by chemical derivation and mass spcclromclry is illustrated by llic
perchlorinalion of PC Us and PCB isomer distribution respectively, fortification of samples
and the use of a collaborative study are described as a means for method evaluation.

KFY WORDS: Human milk, residue, recovery, effect.

INTRODUCTION

Halogenated hydrocarbon residues in human milk, such us
polychlorinated and polybrominatcd biphenyls, Mirex, polychlorinatcd
terphenyls and many organochlorine pesticides, have been the subject of
many studies.1 ~9 The purpose of most of these studies was to gather
residue data to determine the extent of infant exposure and to evaluate the
potential health hazard. Few studies dealt with the analytical problems
and limitations of analyzing halogenated hydrocarbon residues in human
milk. Nevertheless, the residue data from such monitoring studies arc
often used to help to determine an acceptable level of infant exposure.

283
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III this p;ipcr some of I ho analytical aspocls of human milk analysis will
he considered from the poini of view of sampling, cxlraclion. clean-up,
separation', identificalion, quantification, confirmation and evaluation.

SAMPLING
Sampling is an important part of any analytical procedure, hut especially
so in the case of biological samples. A representative sample of human
milk is difficult to obtain, both because of its limitation in sample si/e and
possible variation in fat composition. It has been reported, that the fat
content of human milk not only increases during the feeding of the infant,
but changes from feeding to feeding during (he day." llyllen reported a
difference in ihe fat content of the milk between the right and left breast.1"
I his author also observed, that the fat content was at its.lowest and
highest at the 6 and 10 a.m. feedings, respectively. Table I shows some of

TABLE I
Variation in fal conlcnl of human milk during feeding

Sample
LiHte'

Ml
M2
M3
M4
M5
M6
MDI
Ml)2
Ml)3
Ml)4
Ml)5
Ml>6
1 1
1:2
l!3
14

Average

*M - morning (LVdmp
M D •• mid-day (ceding
1: * evening (ceding

*~ 20ml (ucliont
•~ll>ml(f.Kliumi

Donor I'1

221
1 H(,

255
3.80

055
089
193
355
4.69

1 3 5
1 59
247
3.78

240

„ 1 at

Dnnor 2'

097
0.54
066
0.55
073
063

.10

.09

.34

.52

.85
4K

3 19
321
343
363

1.62

HUMAN Mil K ANALYSIS _ JSS

this variation in Ihe fal content of human milk. Itoih donors, expicsscii
milk from Ihe right breasl only and did not feed Ihe miaul on that hieasl
between morning and evening milk expressions. Donor I expressed u.ilk
at 7 a.m. anil I and ft.30 p.m. on hei I2nlh day of lactation, while donoi 2
expressed milk at 5.30 a in. and 11.31) and 5.30 pin. on her 177th das ol
lactation. The importance of the fat content, for the delermmaiion ol
halogenaled hydrocarbons, lies in Ihe lipophilie nature ol these
contaminants and its use for calculating residue levels on a lat basis
Therefore, the liming in milk sampling is important. At Ihe present stale ol
our knowledge it seems prudent to lake a random sample.

Ihe mother should be asked to express her milk at different limes
during a particular feeding, at all feedings during the day and alleinaiui)'
between right and left hteast. 'Ihe amount of sample to be collcitcd
depends on the requirements of the analytical procedure, expected icsiduc
levels and availability. A .SO-ml sample, which represents appioxmiauh
less than 10",, of (he total volume of milk available per day, would he
ample, but not necessarily representative. The milk should be colleiieil
without external contamination.

In our laboratory a special kit is prepared, consisting of a -to/ hiowu
bottle with Teflon-lined cap, a Ift-ox large-mould jar, a 50-mm glass Inmu I
and instruction sheet will) questionnaire. All glassware in Ihe kit is washed
and healed at 350 (' for I In and finally rinsed 5 x with aeelone and 3 •
with hexane. The funnel is wrapped in aluminum foil, of which the IUMI
shiny side (in contact wi th Ihe funnel) has been linscd wild he.xane I IK
coded questionnaire covers such questions as aye of mother, fish eating
habits, pesticide exposure, menstrual irregularities, number of babies
breast fed, etc. The mother is requested to express the milk manually into
the large mouth jar, transfer it to the brown bottle via the glass funnel
and keep the sample refrigerated between collections. After the final
collection the milk should be fro/en, and kept thai way dining ii.iiisp»n
and storage until analysed.

EXTRACTION

Halogenaled hydrocarbon residues are lipophilie and may be isolated In
separation or extraction of Ihe milk fat. This can be done by direct solvent
cxlraclion of the human milk or by a combination of physical separation
of fa l from milk and solvent cxlraclion as shown in l-'igurc I. The choice
of extraction method will depend uii the extract ion efficiency ol a
particular residue or residues, required accuracy and available lime ami
equipment. In our laboratory. ITIis in human milk have ben an,il\/ol
using several cxlraclion techniques and solvents, including sapnnilK .iii.ui



J MtS

- §
H 65

5
g5

5 iSr-*.̂

w p

i§
.1

if

* Jjj

i i
M M

i i]

ja;
^

a_
X

•o

"I i
H.i
i

*

5

1
I!

«
Ml **

I*i&

i
p I

— £ 2

r+

a*j

5

V •

2i I 5-a
:̂  i |i
•• P _4 Z M
U M — C~44 w *- O*-*

&

I11

UJa.
D
O
u!

0 *
» H

HUMAN MII.K A N A L Y S I S -* '

and acid hydrolysis. The la t ter two procedures have the advantage t h a i
halogenaled hydrocarbon residues can be extracted wi th considerable less
lipid material, but the disadvantage that some residues may be des,li '>yeil
or altered.

PC Us however are an important exception. In the s apon i lka inu i
method, the fat content can be determined by acidifying the a lka l ine u . i i e i
layer after benzene extraction. The results in Table II are based »n 2S^
samples, but for hydrolysis and saponification only | ( )g samples u e i e
used. Although the "direct extraction" method gave ihe highest IVH lew I.
it also showed the greatest variation (coefficient of variation - ^ 3 t i | ' '

Small samples ( < 2 m l ) would el iminate Ihe need to physically sep.ii.iu
the fat by cenlr ifugat ion prior to ex t rac t ion . 1 2

TABU: II
The effect of residue isolation techniques on Ihe t.il and I'CI) content of hum.in milk

retraction
Method solvent

1 rec/e-drying Ac :C»I I* ( \{> : 1 IJ

t'cnlrifugalion C',,11,,
('cnlrifiigalion Ac:t',,llh (19:1)
Direct extraction 1 KHI Ol Ll-

Ilex.
Acid hydrolysis t ',,11^
Saponincalion ( ,,llt.

'riiplicjlc ilclcrmituli(tn%
klluplk^lc Jclermin.ilinns

••u
fal

1 22
1 17
1 13

1 14
N A
N.I).

CV

O.K
38
0.5

2 2

ng I'CU per
g whole milk' ( V

70 (i J
74 2 3
72 2<>

X 6 A.1 d
(. h11 i :
70'' 71

'Acetone
N A - mil jpplk.jhk
N I) *• noi ikicrinincJ
C* V * t*«c!Tit«nl i>T vjruhon.

Table III compares the fat and I'CB content obtained by using ( l i e
macro (25 g) and micro (2g) methods. There seems to be l i t t le difference
in the fat content. The lower values for the micromethod may have p.nils
been caused by losses incurred during the fat determinat ion step, w l i e i e
the entire extract is transferred to and evaporated in an a l u m i n u m
weighing dish before column chromatography. In the macromcllux.1. onK
an aliquot of the extract is removed for fat determination, llowevei, buih
macro- and micro-values may well fall w i t h i n the expected v a r i a l i o n .11
these low residue levels.

-»-,_
« Ik U

K. O
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TABLE I I I
The effect of sample »i/e un Ihc extraction efficiency or fal and PCBs from human milk

",. I at* ng l>CB/g whole milk'
EX iraciion
method*

•I
2.
4

1
2
3
4

hu/cdiy
nut ) inn
tliuM fllr

cxiraciioi
solvent

Ac:C»Ht(l9
C.H,
Ac C.llk (19
1)1 f:-Hex

ing lor both m.u.r

1

:1)

:l)

Macro

1.22
1.17
1.13
1 34

C.V.

08
3.8
05
2 2

Micro

092
0.77
1 13
125

CV.

00
5 1
5.3
08

Macro

7.0
7.4
7.2
8.6

C.V.

6.2
2 3
2.9

326

Micro

69
4 4
5 1
67

C.V.

4.3
4.5

. 5 9
6.0

... .nd ra»,..m.,h.J
rifupjliitn JIK| hiiiitiiyc
.ulmrt ftir hold mJIIO-

m/jlMm f*n
ii ml iimron

IU.H.IO-

Klliml
,IIK| RiKfiMm;llwHj. If \pcilitcly

What is not apparent from Table III is the background problem during
gas chromatography. Figure 2 compares chromatograms obtained wi th
the macro and micromethods. The negative background differed in
magnitude. From this example it is evident, that quantification poses a
problem.

However, using a capillary GC system good agreement and acceptable
chromatograms were obtained comparing macro and micromelhods
(Table IV and Figure 3). Extraction solvents were not the same:
acetone:benzene (19:1 v/v) was used in the micro and benzene in (he
macromcthod. The differences between results in Table III and IV may lie
in the magnitude of the residue levels measured. The lower the residue
level the more difficult the determination will be.

Although there is no strong indication, which of the two methods is
superior, the higher concentration of residues obtained with the
macromethod would give less background problems in GC analyses.

CLEAN-UP

Clear-up procedures are very important, when minute quantities of
residues have to be analyzed. Both (he sample itself and all other media
with which the sample comes in contact should be free of interfering
contaminants. In human milk the fat and extraneous matter, such as
colors, have to be removed in order to clearly identify the residues by
GC. In our laboratory two approaches have been used: precipitation of
the fat at -72'C (freezc-oul)12 and/or retention on a Florisil column.
Table V shows to what extent fat can be removed on a semi-micro
combined Florisil-silicic acid column. The latter can take up to 350 mg of
fal before contaminating the PCB fraction (35 ml Hexane). A combination

HUMAN Mil K ANALYSIS 'XV

TIME (ml*)
20

i -TGUKE 2 The GC edition pallcrn of PCBs in human milk (It. I). I-) and b l anks (A. < . I I
on packed column (1X3x0.6 cm; 6",, OV-210 + 4",, SC-30 on C'lirumosorb W ( A W ) I (Hi i:n,
column lempcralure 208 C). C'hromalograms A and li: macromcihod (frec/e-dricil s.uupk-i.
C and I): micromclhod (rrcc/c-dricd sample); B and I : microincllmd kciiln'ugcd b .unplc i

of the freeze-out and column techniques is required for large samples
high lipid content.

Adsorbents and solvents are two of Ihc most important contributors io
sample contamination. Glass disti l led solvents, al though free of i n i c i l c i u i j j
residues under normal conditions (concentration 250:1), show
contaminants when large volumes are concentrated to 1 ml or less.
Adsorbents, such as Florisil and • silicic acid should be cleaned io
remove all traces of contamination, that could interfere at the level of
sample concentration expected dur ing the analysis.

Figure 4 shows a slighlly modified soxhlel extraction sel-up for wash ing
adsorbents. This modification allows the collection of ex t rac t ion s o l v e n l
(CH^CIJ during (he siphoning cycle via a two-way stopcock. A 50-ml
aliquot is collected and concentrated to 0.2ml. Figure 5 s l u m s
contaminants found in successive washings.
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TABLE IV

A comparison of the PCB levels in human milk between the
macro- and micromelhods

Sample
no.

IHM/7
IIIM/14
1HM/28
IMM/42
IHM/70
2IIM/I4
2HM/28
3HM/7
5IIM/I4
5IIM/28

ng PC'B/g

Macromclhod

32
25
24
14
13
36
26
6

26
20

whole milk

Micromelhod

32
29
24
13
IS
29
32
14
27
30

Ratio

Macro/micro

100
0.86
1.00
1.08
0.87
1.24
0.81
0.43
0.96
0.67

HUMAN MIIK ANALYSIS

TABLE V
Ketcnlion of rapcseed oil on a combined semi-micro

acid column

/. Recovery*

Fraction*

1
II
III
IV
V

VI

50 mg

02
03
0.2
7.0

830
N.C.

c.v.

0
33
0

37
3

Lipid

100 mg

ND.
01
05

121
809
8 4

load

C.V.

0
20
12
2
2

200 mg

ND
O.I
08

539
4 1 6

5 2

C V

0
13
15
19

KM

•|-35ml h«.me. tl lu V.40ml at 70. 40, Ml and KU",. OKI, m
ropcclivcly. VI -4Umluf 20"_ cili>U,.ci«ic in O'lljl'lj

bAverage of 3 Jcierminjltnni
N D - mu JeiccicJ, N C - no) collected

u

».*
2T

75

25 50
TIME (mln.)

FIGURE 3 The GC elulion pallerns of standard Aroclorl260 (I) and PCBs in human
milk (II) on capillary column (36 m x 0.5 mm; SP 2100; column temperature 224'C).

IttMl

; 4 Modified soxhlcl apparatus for washing .nKorhcnls
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IKillKI 5 C'onlammalion in l-lonsil washing> (250:1). C'hromalogram
siphoning; B = after 4 hrs; C = after K hrs, L) = aflcr 12 hr.

= ;i(lcr I si

SEPARATION

Human milk is often monitored for residues of different polarity such
as PCBs, DDTs, Dieldrin and Heptachlorepoxide. A pre-gas chrom-
atographic separation is not only desirable, but often necessary. In our
laboratory a combined semi-micro Florisil-silicic acid column is used to
separate halogenaled hydrocarbons into several fractions. Table VI
shows the elution pattern of a selected number of halogcnatcd
hydrocarbons, many of them appearing in human milk. It is evident from
Table VI, that many compounds elute in more than one fraction,
especially Aroclors. It is fortunate, that the PCB pattern in human milk
closely resembles that of Aroclor 1260, which elutes 95% in one fraction.
Recently however, lower chlorinated biphenyls have been reported in
human milk.13 These lower chlorinated biphenyls would elute in more
than one fraction. Nevertheless, many other compounds can still interfere
with the PCB analysis, such as p,p'-DDE and Mirex.

IDENTIFICATION AND QUANTIFICATION
Individual compounds can be identified by gas chromatography. The type
of column and/or stationary phase to be used depends on the analytical
requirements and available equipment. For example, PCBs can be
identified on both packed and capillary columns. Figure 6 shows PCBs in
human milk chromatographed both ways. In our laboratory PCBs in
human milk are estimated on a packed column, using peaks 8 and 10 IS,
according to the numbering system of Reynolds14 and Jenscn and
Widmark.15 On the capillary column, peaks 8-13, 15-17, 19, 20, 22, 23,
25, 26 and 28 were used according to our own numbering system.
Quantification will only be as accurate as the separation is good. No

HUMAN MILK ANALYSIS

doubt the capillary column gives better separation than the patkol
column, but from experience in our laboratory there was no qtunlil.ihu-
difference. This could indicate, dial compounds oilier (ban PCIK weie imi
interfering on the packed column. Capillary gas chroirutograpliy lioUK I)K-

TAIII.I: vi
f.iuuon pattern 01 some

Compound
(2.3 jig cut-It)

Aroclor 1016
Aroclor 1242
Arnflor 1254
Aroclor 1260
AriK-lor 5460
Mircx
Pholornircx
p.p' -DDK
pcnlaclilorobcn/cnc
hcxacltlorohcnicnc
hcptachlor
Polybrominalcd

biplicnyl
Methylated

pcntathlorophcnol
hcptachlor cpoxide
o.p'-l)l)T
p.p 1)1)1
oxychlordanc
y chlordanc
a hcxuchlorocyclo-

hcxanc
/( hcxachlorocyclo-

lioxane
•/ hoachlorocytlo-

Itcxanc
toxaphcnc
diclJrni
nuMlioxychlor
oclachlorodihcn/o-p-

dioxui
octachlorodibcn/ofuran

column

1 TV. II

62 5 43
54 9 47
KK 2 16
95 1 7
.16 4 74
KK K I

1(17 3 3
1') 1 8K

1117 3 1
95 2 1
22 94 79

84 6 22

101
1

102
107
113
90

96

26

93
90

",. Recovery

Fraction*

C.V. IV (. V VI

3
10
21
14
6

2 140
13
3 2 5 i

50

43 1 140

57 4 6K

6 1
40 X7 3 I
6
7
5 I
2 I

3 I i

7 74 3 I

3 7 16 I
2 8 13 (

96 2 1
94 7 12

5 36 85
8 6 94'

f.V. Tol.il

IOS
101
KM
102
110
•JO i

110
109
HIM

95 1

102

no

101 (
HK i

102
III?
mi
90 1

9(, f

KX) 1

10(1 1

9K t

'!(. 1

45 I0(>

7 91)
4 102

( V

1
4
4

1
S

')

\
i

i

:
1 1

c j

i,
i
it
7
s
1

1

1

(
1
J
•>

'(
4

klunc. .ifc I lie •..HIM .11 ID 1 .thlc V

luce I * t „)
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rfrii n-rrvimn

W

UJs
«0 «0

«• flOuaM inr ci

FIGURE 6 GC clulion patterns of PCBs in human milk on capillary and packed column*.

possibility of eliminating pre-gas chromatographic fractionation, because it
can separate many more compounds at a given time. The simultaneous
separation of 17 organochlorine pesticides is shown in Figure 7. This
figure also illustrates that caution is needed in identification, since column
temperature can affect elution time on capillary columns, as indicated by
p.p'-DDE and dieldrin.

CONFIRMATION

At present PCBs are the most important industrial contaminant in human
milk and when identified, their presence should be confirmed, if at all
possible. In a single sample the residue level is often low for mass
spectrometry or chemical derivation, and pooling of samples may be
necessary. The determination of PCBs by conversion to the
decachlorobiphenyl by means of perchlorination, seems to compare
favourably to direct measurement of the PCB pattern by GC (Table VII).

The success of this derivation technique may partly depend on the
amount of higher chlorinated biphenyls in the human milk. The lower
chlorinated biphenyls are more volatile and easily lost, and recently,

HUMAN MII.K ANAI YSIS

C.T.Z03-C

?

•2')-

FIGURE 7 The effect of capillary column temperature on the clulion linn- of |> |> IH'I
and dicldrin.

TAULF. VII
Comparison of PCB quantification in human milk between

gas chronialographic and pcrclilomiation lechnu|iics

Sample
code

Ml
M2
M3
M4
MDI
Ml)2
Ml>3
MD-4
Ml)5
1:1
t2
K3
H4

n(j K'B/g

PC'

5
5
9
9
6
4
6

16
5
6
7
8

whole milk

GO" pc/cr

6 083
6 083
6
9
3
4
6
8

15
5
5
7
8

50
00
m
00
M

07
00
20
00
(K)
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substantial quantities were found in human mil*. J It is our experience
that better results were obtained when extracts were immediately
perchlorinated after the GC pattern was established.

Although the quantitative value of this technique may be questioned,
the validity of the confirmatory aspect remains, if no biphenyl is present.

Preliminary results on the possible variation within the PCB isomer
distribution due to extraction technique, have been reported" and are
shown in Table VIII. These results indicate the need for further
investigation into the effect of extraction technique on isomer distribution,
especially since the data are based on a single MS determination.
Nevertheless, the first three methods in Table VIII gave almost identical
isomer composition, while two of these methods used the same extraction
solvent. Aroclor 1260 contains 12";, penta-, 38% hcxa-, 41% hepta- and
8",, octachlorobiphenyl.16 This composition closely approximates that
found for the first three methods, except for hexachlorobiphcnyl.

TABLE VIII
Variation in Ihe isomer distribution of PCBs extracted from human milk by

various techniques

Extraction* %k

Method
l-rccze-dry
CentriCugation
CentnCugalion
Direct
Acid hydrolysis
Saponificalion

Solvent
Ac:CJI.
C.H.
AciC.H,
EtOH:ether:h»
C.H*
C.H.

Cl,
7
4
4

10
7
4

cu
25
26
25
28
17
15

Cl,
12
13
12
16
10
11

Cl.
14
14
15
12
13
14

Cl,
35
34
36
27
44
49

Cl,
7
8
8
7
9
8

•For dcUiU <X eiutclion technique*. Me Reference II
'Percent of In- ICI.J, leiri- K 1.1 pent! |CI,|. hut- (O.I. hepu- (Cl,( >nd ocuchlorobiphenyl (11,1

EVALUATION
It is evident from the foregoing, that the analyst has to make many
decisions before a routine analytical procedure is established. He must
decide how best sampling, extraction, separation, identification and
quantification should be carried out and to what extent his results needs
confirmation. In some cases objective judgements cannot be easily made,
e.g. does the PCB pattern in human milk resemble Aroclor 1254 or 1260?
How many and which peaks to use for quantification?

The reliability of the methodology may be supported by fortification
experiments, where known amounts of halogenated hydrocarbons are

HUMAN MILK ANALYSIS 2'i'/
added to the human milk. However, even excellent fortification results do
not necessarily give an accurate representation of the residue level in ihe
sample, or indicate the suitability of the method.17 Nevertheless ilus
technique is the only guide for the residue ehemist in evaluating Ins
methodology, without extensive research.

Table IX shows recoveries of chlorinated hydrocarbons from hum.in
milk fortified at the 100ppb level. Acetone :Bcn/ene (19:1 v/v) w.is usal .is
extraction solvent and (he fat removed by precipitation. Recoveries d
PCB and HCB are not only lower, but also show much greater v.ni.iiiini
than for other compounds.

Recovery of PCBs at low levels of fortification (10 ppb), usinj; .1
micromcthod (no frce/e-out procedure), was >95",, as shown in T.iMe X

TABLE IX
Recovery of chlorinated hydrocarbon* from human

milk samples fortified al KK) pph

Compound

PCB (Aroclor 1260)
HCB
/IHCH
hcplachlor cpoxidc
oxychlordutie
p.p' DDL
dieldrin
o.p-DDT
p.p-DDT

"., Recovery fS I) |/V - 5)'

7061159
7X4 i 175
H 7 3 + 5 2
976 f 100
XX 7 f 52
91 1 t H H
XX 1 1 8 0
X9.3± 57
85.9 1 130

*S D. ' >unjjrd Jcvulion. N -• number uf ̂

TABLE X
EITcct or various parameters on the recovery of PCB from human milk, fortified .H Id | < | < l >

Fortification

no. Solvent

1
2
3
4
5

_
Acetone
Acetone
Hexane
Acetone

Volume (/<!)

20
100
KK)
100

solvent (as Aroclor I2M1) Rci.mi.-i>'1

Dcn/cne
Hen/cue
Bcn/.enc
liciucne
Acetone

3 1
7 4
7.7

1 2 3
C.H, 134

41
4;
')S

II l(<

'Avenipc uf 3 Jeiermin.iiii>n% (I nil s.impk-%)
*C'urreeled (in ruiL|trounJ
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Recovery is apparently a (Tec led by the right combination of extraction and
fortification solvents. This apparent increase in PCB recovery from human
milk wiih decrease in fortification level (lOOvs. lOppb) lies more in (lie
evolution of analytical technique than in the level of fortification.

The reliability of a method and consequently its usefulness may be
verified by a collaborative study. Table XI shows the results of a limited
study of PCBs in human milk, using a modified "Direct extraction"
method.2 The extracted milk fat was mixed with 25 g of 2% deactivated
Klorisil, which was then added to 25 g Flonsil already in a 22-mm I.D.
glass column. The PCBs were eluted in 300ml hexane. This hexane eluant
was treated with 0.5 N KOH before GC analysis. The coefficient of
variation fqr both fat and PCB level was ~30. However, the results do
give a certain degree of confidence, considering the level of contamination,
the problems of quantification and the inexperience of some laboratories.

HUMAN MILK ANALYSIS
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TABLE XI
PCB and fal levels in a human milk check sample

Laboratory no.

1
2
3
4
5
6
7

Average ±SD.'

?.Fal

3.4
39
49
29
3 3
3.0
1.9

33±0.9

ng PCB/g whole milk

27
67
20
22
13
II
16

I7±5"

•S D. - ilandird deviation.
*L«boi«lor> no 2 deluded
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Here is a survey of some of the technical
and institutional strategies needed for

Developing solutions to
hazardous-waste problems

Robert B. Pojasek
Rov F. West on. Inc.

Woburn. Mass. 01801

There can be little doubt that haz-
ardous waste is on everybody's mind
these days. As with so many other
public issues, it is amazing that atten-
tion can be so clearly focused on the
problem, yet there is so little consensus
on the potential solutions.

Table I lists some of the hazard-
ous-waste issues that surfaced in a re-

cent survey of the 50 state govern-
ments. There seems to be a great deal
of philosophical uncertainty about how
to determine what is or is not haz-
ardous.

For example, much of the "haz-
ardous" waste consists of acidic and
alkaline solutions which, if properly
treated, present very little public
health risk. Yet Congress broadly de-
fined the term "hazardous waste" in
the Resource Conservation and Re-
covery Act (RCRA). By this defini-
tion, road salt can be hazardous when
its storage is mismanaged. This is

possible because sodium could be
leached into the groundwater, which
could cause aggravation of hyperten-
sion and other health disorders in the
people who drink the water.

Recently the U.S. Environmental
Protection Agency (ERA) issued u list
of waste sources, waste streams, and
some specific wastes that it defines as
hazardous. Also released were four
characteristics of hazardous wastes:
ignitability, corrosivity. reactivity, and
toxicity, as determined by a specified
extraction procedure. There is still
considerable debate as to whether this

924 Environmental Science A Technology 0013-936X/80/0914-0924S01.00/0 © 1980 American Chemical Society



:.rmining what is a hazardous waste.
Even when everyone agrees that a

•.-.asic is hazardous in nature, they
cannot always agree on how it should
oe treated and disposed. A number of
jisposal techniques have been dis-
:ussed (ES&T. July 1979. p. 810).
Moreover, Gary Dietrich of EPA's
Office of Solid Waste has been quoted
as saying. "Our knowledge about land
disposal, treatment, and incineration
is almost as a black art."

Once adequate treatment and dis-
posal technology is found for a par-
ticular waste, the problem remains to
find the environmentally, geologically,
geographically, economically, so-
ciologically, and politically proper site
for this activity. Public education is
desperately needed to provide the
facts, so that the affected people can
make informed judgments about the
proposed facilities.

However, education is not to be
confused with propaganda. Because of
human errors in operation and main-
tenance of facilities in the past, they
can never pose zero risk to the popu-
lation. Thus, the public's concern
about waste chemicals must be ad-
dressed and resolved. There must be
adequate facilities sited, coupled with
strong regulatory and enforcement
activities. According to EPA Admin-
istrator Douglas M. Costle, "Despite
public fears, America needs hundreds
of waste disposal sites and state offi-
cials must choose where they will
be."

RCRA's definition of
hazardous waste

"A solid waste, or combination of solid
wastes, which because of its quantity,
concentration, or physical, chemical,
or infectious characteristics may
cause ... increase in mortality or an
increase in serious illness ... or ...
pose a substantial present or potential
hazard to human health or the envi-
ronment when improperly treated,
stored, transported, or disposed of, or
otherwise managed."

Research initiatives
Given the magnitude of the prob-

lem, there has been no long-standing,
organized, well-funded effort to de-
velop solutions. This does not mean
that there was a lack of specific activity
or research publication, only that the
focus was not present. For instance,
under the authorization of the Inter-
governmental Science. Engineering,
and Technical Advisory Panel (ISE-
TAP) in the Executive Office of the
President, The American Association
for the Advancement of Science
(AAAS) organized and held a work-
shop on hazardous-waste manage-
ment.'In this key forum, members of
the scientific community identified
researchable issues in three areas: an-
alytical procedures, technologies for
waste treatment and disposal, and

siting new disposal facilities. A report
was .isued on this activity.

After the workshop. ISETAP and
the Office of Science and Technology
Policy (OSTP. Executive Offices of
the President) developed specific rec-
ommendations and set priorities for
major U.S. funding agencies for future
hazardous-waste research. This fol-
low-up also looked to the health re-
search, community to identify priority
research activities for determining
health defects and other risks associ-
ated with hazardous waste. The rec-
ommendations of this activity are
summarized in Table 2.

The EPA's Office of Research and
Development has also prepared work
plans in each of the areas described
above. That is important, because a
concentrated, well-financed program
is necessary in order to provide timely
solutions to this previously inade-
quately handled problem.

Analytical developments
The analysis of hazardous-waste

samples poses many difficult problems
for the analytical chemist. Consider
the range of sample types sent to the
laboratory. These samples may be
from a waste stream at an industrial
site, from wastes being transported
from a generator, from contained
wastes located at a treatment or dis-
posal site, or from soil and water in or
near a waste treatment or disposal
operation. Wastes may be in a number
of forms, such as solids, sludges, liq-
uids, gases, or a mixture of these forms.

TABUE 1
Specific Issues of concern
to states'-6

Public acceptance of new sites/public
participation in siting
Identification of the sources, quantity,
movement, and final disposition of
hazardous materials
Overall strategy for hazardous-waste
control
Adequate disposal capacity
Locating abandoned facilities
Criteria for new site selection
Criteria and test procedures for iden-
tifying hazardous wastes
Assessing the nature and severity of
problems at abandoned facilities
Classification of waste by degree of
hazard
Inspection and monitoring/assessing
the nature and severity of problems at
facilities in operation
Locating operating facilities

Determining effects of hazardous
wastes on human/animal health
Financing emergency cleanup at
abandoned facilities when no respon-
sible/capable party
Federal preemption of state and local
authorities in siting new facilities
Immediate mitigation of exposure/
containment of wastes at abandoned
facilities
Methods for reducing amounts of
hazardous wastes and Increasing
reuse/recycling/recovery
Data on the capabilities and costs of
various treatment options
Establishing legal liability for aban-
doned facilities
State preemption of local authorities
in siting new facilities
Safety and risk assessment of new
facilities
• In order of priority.
* From • study Initiated by frx IncergovemnieiiUI
Science. Engineering and Technology Advisory
Panel (Executive Office* of the President).

TABlf 2
Research, development, and
demonstration needs
Sampling and analytical procedures
development -
Health effects data evaluation
Fate and transport studies
Improve technologies for cleanup of
existing sites
Refine technologies for improved
management of current and future
wastes
Quantify socioeconomic aspects of
new facility siting

Policy needs
Develop procedures for assessment of
hazardous wastes and waste sites
Institute an environmental research
center dedicated to hazardous waste
Disseminate information
Increase trained personnel pool
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. . . ̂  iv. NJII i rom a
variety of' containers and locations,
such as fiber and steel drums, sacks,
buckets, bins, barges, soils, trucks,
waste piles, storage tanks, wells, ponds,
pits, or lagoons. Analysis problems are
further complicated by the special
methods necessary to obtain a repre-
sentative sample from each of these
locations.

Most of the existing analytical
techniques and procedures available
arc expensive because they require
extensive laboratory work, sophisti-
cated instrumentation, and highly
trained personnel. Oevelopment of new
or approved analytical methods and
protocols is extremely complex be-
cause of the large number of possible
components, their differing properties,
and their wide range of concentrations.
Complex separation processes and in-
volved interpretation of the analytical
data are required for most waste
samples. A large amount of quality
assurance is required, in order to en-
sure that the data meet the original
objectives of the investigation.

The data produced in the analytical
program should be annotated to in-
clude information as to the purpose of
the analysis, that is, semiquantitativc
screening or detailed quantification for
specific compounds. Detailed analyt-
ical information is important to any
hazardous waste management pro-
gram. This information is required in
four key areas:

• identification of wastes as haz-
ardous

• determination of the degree of
hazard

• identification of wastes' com-
patibility for handling

• identification of appropriate
treatment methods.

While much work has been done in
the area of analytical chemistry, the
methods and protocols needed to pro-
vide the necessary information for ef-
fective waste management are still not
available. Existing analytical meth-
odology usually cannot be directly
applied to these problems. Many ana-
lytical chemists have never been faced
with a problem of this magnitude and
complexity.

The EPA has implemented a high-
priority program to deal with this
problem; its high-priority status is
geared toward upgrading certain
technologies, on a short-term basis, to
support RCRA activities. Program
highlights are described in Table 3.

Additional areas requiring action
were identified by the AAAS/ISE-
TAP/OSTP deliberations. These
jirourw felt that more rapid and less
expensive methods for the qualitative

TABL£ 3
EPA research goals—
hazardous-waste
identification...
Develop, evaluate, and validate pro-
posed hazardous waste and waste
disposal site sampling and analytical
procedures
Develop monitoring guidelines for
hazardous waste disposal facilities
Develop and operate a quality assur-
ance program for the uncontrolled
hazardous waste site investigation
program
Develop biological screening
methods
Identify, sample, and characterize
current industrial hazardous wastes
and waste streams and current meth-
ods of disposal

... and waste technology
Short-term needs

Develop data base and prepare
guidance manuals for "Best Engi-
neering Judgment" evaluations by the
permit writer for landfills, surface im-
poundments, and land treatment fa-
cilities

Develop protocols for evaluating
hazardous-waste fixation and encap-
sulation methods

Develop methods for prediction of
volatiles from surface impoundments
and land-disposal facilities

Develop test burn data base and
procedures for "Best Engineering
Judgment" evaluations of Incineration
facilities

*\ Develop, evaluate, and validate
measurement methods to determine
the destruction efficiency and air pol-
lution control efficiency of incineration
facilities \
Medium-farm needs

Determine the compatibility of in-
dustrial hazardous wastes and various
disposal technologies

Develop and demonstrate cost-ef-
fective technologies for the treatment
detoxification,- or destruction of in-
dustrial hazardous waste

Determine the potential for recycle
or reuse of industrial hazardous
waste

Determine the potential for regional
hazardous waste management facili-
ties
Long-term needs

Develop data on options to improve
land disposal site design and man-
agement for treated wastes

Develop and demonstrate alterna-
tives to landfill disposal

Determine methods to increase
recovery and use of secondary mate-
rials

and quantitat ive determination t
specific chemical components t.
classes of chemicals isolated fro;
samples should be developed an
tested. Specific needs are the fol
lowing:

• protocols for sample analysis
including improvement in throughpu
and cost per sample, and developmcn
of a tiered approach to sample anal
ysis

• procedures for differentiating
between inorganic hazardous waste
and natural background

• semjquantitative tests that can be
performed in the field

• assessment of the feasibility of
using surrogate parameters for the
estimation of a waste's hazard poten-
tial

• determination of sample stability
(How long can the sample be held for
analysis? Is preservation required?).

Several more general areas require
attention to improve the analytical
aspect of hazardous-waste manage-
ment. To begin with, all protocols of
waste analysis should provide adequate
safety procedures to protect personnel,
public health, and the environment.

Good laboratory facilities and
practices appear to have been devel-
oped for handling hazardous materials.
However, they need to be rigorously
applied, and more research needs to be
conducted to improve laboratory
safety protocol. Secondly, it has been
argued that there is a shortage of
trained analytical chemists with in-
terest and expertise to handle this
hazardous waste identification pro-
gram. Assistance from the federal
government may also be needed to
improve the size and quality of this
trained personnel pool by providing
direct training and research grants to
universities and by supporting con-
tinuing-education courses in this topic
area.

Finally, an analytical data base
should be developed for all hazardous
compounds found in the hazardous-
waste notification forms sent to the
EPA. It should include access to health
effects and other data collected by the
federal government for other purposes,
as well as data collected in hazard-
ous-waste operations. Special attention
should be paid to including references
to analytical methods needed to ana-
lyze for the various compounds.

There have been some strides made
in the analytical area. Many of these
have been funded by EPA's Solid and
Hazardous Waste Research Division
(Cincinnati, Ohio). Work is presently
being conducted by the EPA Labora-
tory in Las Vegas, Nev. However, this
activity must be stepped up dramati-
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p r o \ i o c me
c rux of the enure hazardous waste
management strategy.

Technological de>elopments
Many operation and maintenance

problems w i t h i n the treatment and
disposal industry have been made
public during the past year. Some
problems have been caused simply by
sloppy operations. In other cases,
business pressures, such as competition
with dumping, force firms to "cut
corners" in their daily operation.

Also, the disposal industry has suf-
fered a loss of credibility, especially
after almost daily releases by the
media of information on past practices.
State and federal regulatory agencies
must also share some of the blame for
these past operations. For example,
many past and present regulations
assume that if a site meets design cri-
teria, it is acceptable. To concur with
this position, the public must have faith
in the regulator who adopted those
criteria. The public must also believe
that the criteria are sufficiently uni-
versal to apply to all circumstances.

To date, the public has not shown
this faith. Regulatory groups have also
lost credibility as the result of instances
such as the contamination of the
Hudson River with PCBs. even though
the discharges were made in full com-
pliance with a permit issued by the
state. Site-specific and waste-specific
methods of determining the accept-
ability of present and proposed facili-
ties are fundamental in evaluating the
adequacy of waste-management
technology and in building public ac-
ceptance of it.

Unfortunately, with the exception
of solidification technology develop-
ments, there have been but few inno-
vative and widely used treatment
technologies in the past 30 years. In
large measure, newer developments
have been held back because of the
lack of current demand. This lack of
demand was fostered by a widespread
inabil i ty to recognize improper ad-
ministration of hazardous-waste dis-
posal as a major public health and en-
vironmental problem.

Actually, a variety of processes exist
for the treatment and disposal of haz-
ardous waste. But no process can be
universally applied to all different
types of waste streams. Therefore,
considerable judgment must be used to
select the proper treatment and dis-
posal option for each specific industrial
waste. A number of disposal options,
in the order of preference for employ-
ing them, arc briefly discussed
below.

Many industrial processes can be

ir,oon;ca >io t n ~ i me v o i u m e or
of the u,\ste is reduced . This is often
called source reduction and is regarded
by man> to be the mo»t preferable way
of handl ing hazardous waste. Feasi-
bility study and retrofi t t ing costs may
be high; however, they can be justified
in terms of having a smaller volume of
waste to dispose ol in the future and
commensurately lower costs.

Many regulators and regional haz-
ardous-waste studies are examining
waste exchange. Existing exchanges
provide information on waste products
available from a primary user that
sometimes can be reused in another
industrial process before becoming a
waste. Reuse can constitute a net re-
duction of the volume of waste needing
disposal.

Other recycle/reuse possibilities for
certain waste products should be
thoroughly investigated by the gener-
ator. For example, many solvents can
be reclaimed by distillation or other
chemical treatment for use by another
industry in processing or as a fuel.
Moreover, many recycle/reuse appli-
cations will be exempted from regu-
lation under RCRA.

If none of the above possibilities are
applicable to a particular waste
stream, the next consideration should
be treating the waste. Neutralization,
detoxification, and solidification may
be used to convert the waste, chemi-
cally and physically, to an operation-
ally defined nonhazardous waste.
Disposal requirements for these
treated wastes would be nowhere as
rigorous as those for an untreated
waste. Incineration also can be looked
upon as a treatment process to destroy
certain chemical wastes, provided that
proper air-scrubbing equipment is
utilized.

In all of these treatment processes,
a reduced volume of hazardous waste
may be generated as a by-product.
However, solidification of waste to
reduce the hazard may be used to
convert the waste to a nonhazardous
material. A last option is the place-
ment of certain untreated chemical
wastes in a secured chemical landfill,
deep well, or other geologically formed
deposit.

The economic attractiveness of this
low-priority disposal option will dis-
appear, once post-closure and financial
responsibility regulations are pro-
mulgated. In addition, the impact of
the Wilsonville (111.) court rulings will
continue to make responsible disposers
wary of this approach.

Some of the approaches discussed
above may take considerable time to
reduce to practice, and have thus been
given medium-term and long-term

d e v e l o p m e n t a l p r i o r i t y . The A AS/
I5ETAP, OSTP program cited several
needs tor technologies invo lved in the
approved management of the c u r r e n t
and f u t u r e hazardous-waste streams.
These include:

• the ident i f icat ion of process
changes that will reduce waste pro-
duction for those industries which
produce extremely hazardous wastes
and have limited abilities to manage
their wastes according to RCRA reg-
ulations

• the development and demon-
stration of new treatment and detoxi-
fication methods, particularly for
"problem" industries

• incineration parameters and
technologies for hazardous wastes,
including fail-safe, on-line monitoring
and emission-control technology, and
conditions for coincineration of haz-
ardous wastes in conventional com-
bustion operations

• identification of wastes most
amenable to resource recovery.

Other activities in the area of de-
veloping waste-treatment technologies
include formation of a committee on
waste disposal (Committee D-34) by
the American Society of Testing and
Materials (ASTM). The proposed
mission of this group is to promote
knowledge, to stimulate research, and
to develop test methods, specifications,
nomenclature, classifications, and
definitions relating to waste disposal.
Its goal is to provide a measurement
foundation to allow for acceptable
disposal. These activities are being
coordinated in cooperation with other
relevant ASTM committees and with
outside organizations. The various
subcommittees in this group arc con-
cerned wi th the following:

• sampling and monitoring
• extraction and leachate testing
• health and environmental ef-

fects
• transportation and containeriza-

tion
• evaluation of line of materials
• disposal sites
• management of specific waste
• incineration
• treatment technology.
In light of the RCRA regulations

and the development of the hazardous
waste management industry in gener-
al, there are four items that must be
addressed in order to have more oper-
ational facilities. First, firms involved
in hazardous-waste management must
generally be large enough to cover
potential liability that could arise from
facility operation. Also, because some
processes have been developed by
smaller firms, there must be a means
of br inging together many smaller
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firms at a l a r g e r luC-U.^r in order 10
use these processes.

The hazardous waste disposal
business generally involves high capital
entry costs; therefore, a means of fi-
nancing these operations has to be
implemented. Moreover, an enterprise
requires a high degree of technical
sophistication and managerial confi-
dence if it is to be run correctly. As
mentioned earlier, there is a need for
more analytical chemists and also
well-trained facility managers and
workers.

Finally, the firms must generally be
large enough to demonstrate a firm
commitment to staying in the business
and shouldering financial responsi-
bility for the operation. In the case of
a hazardous waste treatment facility
presently being developed by the Gulf
Coast Waste Disposal Authority
(Houston. Tex.). this responsibility is
being handled by an independent
agency, with the processes being run
by vendors who have short-term lease
commitments on the site.

Because ii has been hard to find
these key characteristics in firms,
many large companies have opted for
on-site disposal. This choice is justified
because of rapidly escalating costs of
legal off-site disposal, a shortage of
legal off-site facilities within reason-
able transportation distance, fear of
legal liability for waste improperly
disposed of by off-site contractors, and
public relations problems with firms
connected with off-site problems.
These industries further justify on-site
disposal because it gives them com-
plete control. However, availability of
land and capital are crucial to the de-
termination that on-site disposal is the
way to go.

Siting developments
Without question, siting is a major

problem in the development of future
hazardous waste disposal facilities.
People are against these facilities for
many reasons:

• fear of groundwater contamina-
tion

• expectation of air and land pol-
lution problems, especially with dusts
and odors

• worry about safely problems,
such as fire and explosions

• dislike of heavy traffic and pos-
sibility of spills

• fear of property value decline
• questions about the financial

iibility of the waste contractor to pro-
vide for long-term facility maintenance
and closure.

Some communities just do not want
iheir town to be known as a "dumping
ground" for nonlocal industry's wastes.

Indeed, oppos i t ion l o a n s hazardous-
waste facilit) is v ir tual ly inevitable.
People will generally resort 10 lawsuits
and civil disobedience to stop these
facilities.

Many states have conflicting con-
cerns. The success of the hazardous-
waste regulatory approach depends
upon the establishment of new facili-
ties. Economic development branches
of the states want to promote retention
and development of industry. How-
ever, in order to meet the public's
concerns, the states must guarantee
environmentally sound operations and
post-closure management of the fa-
cilities. This limfts the public's share of
financial risk, a factor of opposition to
these developments.

However, the states suffer a tre-
mendous credibility problem with most
people. Also, in cases in which the
states seek to preempt local controls,
the desire for local automony may
foster additional opposition to pro-
posed facilities. Thus, the states have
to decide which role they wish to play
in the siting of hazardous-waste facil-
ities.

The siting process itself is quite
complex, and involves a large number
of possible steps. These potential steps
are indicated in Table 4. A state's role
in the siting process will depend upon
the policy legislated within that
state.

The ideal way to deal with the siting
of a hazardous-waste facility is to at-
tempt to make people in the vicinity
indifferent to the proposed facility.
The only hope that one has to accom-

TABLE 4 . • '
Steps Involved In siting a
hazardous-waste facility'
Public information :
Demand assessment
Site criteria establishment
Site nomination ,
Land acquisition
Local information
Local approvals
Appeal of local approval
State approval
Negotiations
Extralegal opposition
Project operation
Enforcement of conditions
Response to accidents
Post closure
• A* propmed by M. Ottart.
Executive Office of Environmental Attain

plish this aim is to ascertain their
concerns by talking with them and
genuinely respond to their concerns
by negotiating agreements with them.
These agreements will seek to mini-
mize adverse impacts: make sure peo-
ple have information they can trust
(for instance, independent monitoring
and consulting, financed by the dis~
posal contractor or the slate): and
compensate people for the costs that
cannot be avoided (such as reduced
property evaluations, handling emer-
gencies and traffic patterns, and the
like).

EPA's Office for Solid Waste and
its internal task force on hazardous
waste facilities siting are exploring the
use of incentives and compensation
payment plans as part of the negotia-
tion process. A number of types of
payments to the local community, and
especially to affected individuals, can
be included in the agreement:

• additional safety precautions,
such as increased frequency of moni-
toring, annual environmental audits by
independent consultants, more so-
phisticated cleanup equipment, de-
tailed accident contingency plans, and
training of local police and fire per-
sonnel

• cleanupand rehabilitation of ex-
isting abandoned dump sites in the
locality

• purchase of local bonds at interest
rates more favorable to the locality
than prevailing market rates.

Ideally, these payments would be
made by the disposal facility and
charged back to the consumers of the
products that have hazardous-waste
by-products, rather than be assumed
by society at large. The states, how-
ever, may get involved in the compen-
sation plan by giving cooperative lo-
calities a greater share of state funds
for parks, highways, highway main-
tenance, police, or even education.
Also, the state may require developers
to give incentives to localities in the
form of cash payments of tipping
fees.

There are a number of forms of di-
rect payments that can be made to the
affected individuals. These include:

• payment to abutting or neigh-
boring land owners to compensate for
diminished property values

• gross receipt taxes on facility
revenues, in lieu of taxes or "tipping
fees" with payments made to a local
government's general fund

• payment of any additional costs
the community bears because of the
facility, such as upgrading roads, spe-
cial training or equipment for the fire
department, or periodic independent
monitoring
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• one-time lump sum pa>ment to
residents or local governments.

In fact, some indirect payments are
.ilso common and quite versatile. These
may be:

• land value guarantees, whereby
a developer could agree with local
landowners to purchase their property
if its value is below market rate when
they are ready to sell. This would in-
clude a provision that after a given
period of time, say five years, an as-
sessor could determine the difference
between actual and probable value,
and cash payments could be made to
compensate the owners.

• provision of jobs, job training, and
tax-base expansion

• purchase of buffer zones or de-
velopment rights of adjacent land

• provision of recreational areas
and facilities

• provision of aesthetic improve-
ments such as additional landscaping,
earth berms, street scraping, appro-
priate signs and lighting, and attractive
color! design, and texture

• limitations on hours of operation
or receiving materials

• rerouting of traffic generated by
the facility

• free disposal for the local indus-
tries.

Unfortunately it would be difficult,
if not impossible for a facility to offer
all these incentives. Even if it could,
there are no guarantees that the facil-
ity would be welcome by the commu-
nity. Further, an incentive program at
the state level would have to be care-
fully designed to encourage siting of
facilities without unnecessarily in-
creasing the demand for incentives in
other areas.
Mediation

The objective of the mediation
function is twofold: first, to ensure that
many groups with an interest in the
proposed facility would have an op-
portunity to express their concerns;
and second, to provide a forum where
competing or opposing groups could
negotiate their differences. The state
may become involved in the mediation
process by acting as an initiator and
facilitator, and by making certain that
groups with opposing views and inter-
ests are brought together to discuss
their conflicts.

As an impartial mediator between
a firm wishing to site a facility and
citizens opposed to a proposed site, the
independent state agency could also
provide a variety of services. It could
assist in defining the areas of conflict
and in identifying mutually acceptable
means of resolving these conflicts. In
addition, the media could encourage

other state groups to in i t i a te actions to
help opposition to a site.

Finally, the state could see to it that
agreements negotiated among the in-
terested parties arc fully implemented.
EPA and a number of the states are
currently exploring the use of incen-
tives, compensation payment plans,
and mediation techniques to be used by
the private sector and by states in the
siting of hazardous-waste facilities.
Handbooks for these purposes are to be
completed for the EPA Office of Solid
Waste and made available in early
1981.
Convincing the citizen

From the discussion above, it should
be clear that there are specific areas of
research which, if undertaken, would
potentially provide some solutions to
the current hazardous waste disposal
problem. However, even with suc-
cessful completion of this work, it must
be recognized that the public may
never accept hazardous waste disposal
sites. There may be absolutely no way
to convince the average citizen that a
well-designed, operated, and regulated
site poses minimal risk, especially
when compared to illegal dumping.
Indeed, there are sites with good op-
erating records which are undergoing
public challenges. This has resulted in
some being removed from service.
Unfortunately, that trend may con-
tinue, even in light of increasing de-
mands upon current waste generators
to ensure adequate storage and dis-
posal of their hazardous-waste
streams.

In a move which remarkably par-
allels the drive for energy conservation,
there must be a supreme effort in in-
dustry for waste-source reduction. In
the uncertain light of disposal capacity,
at least in the short term, every firm
generating hazardous waste must
modify its processes to encourage the
reduction of wastes which may be
deemed hazardous at each site.
Smaller industries may group together
and fund research in this area through
their trade organizations.

Another issue involved here is the
need for every state to become involved
in some way in the siting process for
new or expanded hazardous waste
disposal facilities. It is particularly
important to develop facilities which
encourage treatment, rather than rely
solely on untreated disposal in a
"geologically secure" facility. Recy-
cle/reuse must be encouraged but
cannot become a loophole for illegiti-
mate activities involving waste dis-
posal. This area will have to be closely
regulated, even though it was origi-
nally designed to avoid regulations

concerning disposal of the wastes.
Moreover, both the EPA and the

stales must be quite careful about what
they define as hazardous. It would be
foolish to consume scarce site capacity
with materials of low intrinsic hazard.
Thus, legitimate exemptions should be
provided whenever they can be justi-
fied.

There must be close cooperation
between'those involved in public policy
questions and those concerned with
technical issues of waste disposal to
provide a balanced program for in-
vestigating means for hazardous-waste
handling in the future. Forums such as
the AAAS/ISETAP/OSTP meetings
must be encouraged and held fre-
quently. There must also be a mecha-
nism of communicating their findings
to the funding agencies and especially
to Congress, which supplies
the funding agencies with the where-
withal to conduct meaningful pro-
grams for improving hazardous-waste
disposal and treatment. These pro-
grams should be well publicized so that
those involved will have ample oppor-
tunity to express their concerns and ,
opinions to the same audiences, with
the public focus on hazardous waste,
and the funding agencies' priorities
reflecting this focus. The time is indeed
ripe to develop solutions to the haz-
ardous-waste problem.
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Reduction of Polychlorinated Biphenyl Toxicity and Uptake of Carbon-14 Activity
by Plants through the Use of Activated Carbon

Harry J. Strek, Jerome B. Weber,* Patrick J. Shea, Edward Mrozek, Jr., and Michael R. Overcash

The use of soil-applied activated carbon in reducing the phytotoxicity and uptake from soil of poly-
chlorinated biphenyls (PCB's) by a variety of crop plants was investigated. Reductions in growth
parameters resulted at the highest rate of PCB for soybean [Glycine max (L.) Merr.) and beet (Beta
uulgaris (L.)]. Growth parameters taken at harvest showed no apparent inhibition of corn (Zea mays
L.) and sorghum [Sorghum bicolor (L.) Moensch] by PCB. The activated carbon treatment substantially
reduced growth inhibition caused by PCB. Treatment with soil-applied activated carbon reduced UC
uptake into foliage of beet, com, sorghum, and peanut (Arachis hypogaea L.) in studies using a mixture
of U-uC-labeled polychlorinated biphenyls mixed with unlabeled PCB and applied to soil at 20 ppm
(total PCB). Activated carbon continued to be effective in reducing UC uptake over three croppings
of fescue (Festuca arundinacea Schrib).

Land application of municipal and industrial sludge is
becoming an increasingly acceptable method of disposal
Application to agricultural land is viewed as an inexpensive
method to exploit the nitrogen and other nutrients of these
sludges for use as fertilizer (Overcash and Pal, 1979).
However, concern has been voiced over the effect of the
organic chemical content of these sludges on crops, and
the potential for their uptake by crops needs to be de-
termined (Weber, 1978; Pahren et al., 1979). The PCB
content of sludges has been reported to range from <0.01
to 1700 ppm dry weight (Furr et al., 1976; Lawrence and
Tosine, 1976; Bergh and Peoples, 1977; Pahren et aL, 1979).
With application to agricultural land of 2250-22500 kg of
sludge hectare'1 as dictatd by nitrogen content (Black and
Kronis, 1974), an application range of «1 to 1500 kg of
PCB ha'1 year"1 could potentially occur. Since PCB's are
resistant to degradation, in particular those which are
highly chlorinated (Gustafson, 1970; Kalmaz and Knlmaz,
1979; Pal et al., 1980), and do not leach readily in soils
(Tucker et al., 1975; Scharpenseel et aL, 1977a; Moza et
al., 1979a; Weber, 1980), sludge application over a 3-year
period could result in PCB levels ranging from «1 to 1000
ppm in the upper 7.6 cm of soil. At more reasonable
application rates of 11200-44 800 kg/ha/year of sludges
containing 1-200 ppm of PCB's, one could anticipate a
range of <1 to 24 ppm accumulating in the upper 7.6 cm
of soil over a 3-year period. PCB levels in soils receiving
dried sludge have been reported to range from 0 to >50
ppm (Bergh and Peoples, 1977), and PCB levels as high
as 1200 ppm have been reported in some Japanese agri-
cultural soils (Fujiwara, 1975).

Ww-d Science Center, Crop Science Department (HJ.S.,
•I.H.W., and P.J.S.), Department of Botany (E.M.). andT — r —- -•• •*•••%. v* I •• r^-fi tiy \J_S.lVA.f t 04JU

!)i-l).nrimpnt of Biological and Agricultural Engineering
• MHO. 1. North Carolina State University, Raleieh North
< i i ru l i i i i i 1j7r,l)7.

Uptake of PCBs by various crops and weeds from soils
containing low amounts of PCB's has been reported for
carrots (Iwata et aL, 1974), carrots and radishes (Wallnofer
et al., 1975), carrots and sugar beets (Moza et al., 1976,
1979a,c), soybean (Suzuki et aL, 1977), soybean and fescue
(Weber and Mrozek, 1979), and pigweed and panicum
(Strek and Weber, 1980). PCB concentrations in the soils
ranged from 0.05 to 100 ppm and levels in the crops
reached a imnrimiim mean (average of five isomers) of 13.9
ppm (fresh weight) in carrots grown outdoors for 72 days
in soil treated with 100 ppm of Aroclor 1254 (Iwata et aL,
1974). Uptake over 4 years of growth by spruce trees from
soil fortified with [l4C]PCB-treated sludge totaled 0.401
and 0.231 ppm (dry weight) in the needles and stems,
respectively (Moza et aL, 1979b), showing that plants can
take up PCB's from contaminated sludge applied to soiL
Disruption of growth in plants has been reported for an
aquatic plant Spirodela oligorrhiza (Mahanty and Fineran,
1976; Mahanty and McWha, 1976) and for soybean and
fescue (Weber and Mrozek, 1979). Aroclor 1242 is reported
to inhibit photosynthesis in isolated spinach chloroplasts
(Sinclair et aL, 1977).

Volatilization appears to be an important route for the
loss of PCB's from the soil, despite the moderate to low
volatilities of 7 x lO"3 to 4 X KT4 mmHg at 25 °C reported
for Aroclors 1221-1260 (Pal et al., 1980). Losses from a
woodland soil ranged from 79.2 to 41.5% of that applied
in a single cropping season under outdoor conditions for
single isomers possessing two to five chlorines (Moza et
al., 1976, 1979a,c). The amount of loss through volatil-
ization appears to depend upon the degree of chlorination,
with the more highly chlorinated PCB's being lost to a
lesser degree (Iwata et al., 1974; Kilzer et aL, 1979) and
also more readily adsorbed by the soil (Haque et aL, 1974).

The effectiveness of activated carbon as an adsorbent
of organic molecules has long been recognized (Mattson
and Mark, 1971; Cheremisinoff and Ellerbusch, 1978).
Although early investigation of this adsorptive property

00?1-8S61/81/1429-0288$01.25/0 O 1981 American Chemical Society
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focused on agricultural chemicals, particularly on pesticides
applied to agricultural lands (Ahrens. 1968; Andersen,
1968; Lichtenstein et al.. 1968; Coffey and Warren. 1969;
Gupta. 1976), recent work seems to be directed to inves-
tigating the activated carbon adsorption of other chemicals
in both agricultural lands and other parts of the environ-
ment. Activated carbon has been shown to reduce the
availability of PCB's to plants (Weber and Mrozek, 1979)
and to goldfish (Shea et al., 1980) when applied to con-
taminated soil. Adsorption of PCB's from aqueous solu-
tion by activated carbon has been demonstrated (Lawrence
and Tosine, 1976; Hiraizumi et al., 1979).

The research reported herein was conducted to deter-
mine (a) the potential effect of a cob/chlorinated biphenyl
mixture (Aroclor 1254) on several important crop plants,
(b) the potential residue levels in crops, and (c) the po-
tential of activated carbon treatments to soil to reduce
toxicity and residue levels in crop plants.
MATERIALS AND METHODS

Soil. Soil used in the experiments was taken from the
0-15-cm region-of the A horizon of a virgin Lakeland sand
(Typic Quartzipsamments; siliceous, thermic, coated, pH
4.0; cation-exchange capacity, 1.5 mequiv/100 g; 1% or-
ganic matter, 5% clay, 6% silt) obtained from a Johnston
County, North Carolina, site which had not been subjected
to agricultural practices for least 40 years. The soil was
air-dried and sieved through a 0.5-cm screen prior to
potting. Plants were grown in 350-mL styrofoam pots
containing 300 g of soil, which was limed to approximately
pH 6.0 with CaCO3.

Aroclor Studies. Analytical-grade PCB (Aroclor 1254),
obtained from the Food and Drug Protection Division
Laboratory of the North Carolina Department of Agri-
culture (Lot AM 51, originally obtained from Monsanto
Co. in 1971), was dissolved in 95% ethanol Aliquota of
the stock solution were thoroughly mixed with the soil and
3 days were allowed for solvent evaporation. This proce-
dure yielded PCB concentrations of 0,1,10,100, and 1000
ppm. All PCB and carbon concentrations in the soil re-
ported in ppm are based on dry weights. The pot* were
then separated into two treatment groups; one received • •
no carbon, while the other received 3.7 t/ha (3333 ppm)
activated carbon (Nuchar SA, Westvaco, Inc.), which was •
thoroughly mixed with PCB-trteated soil ' '~_-

The pots were planted to soybean [Glvcine max (L-)
Merr Ransom], beet (Beta vulgaru L. Detroit Bajrjk Re6%^
corn (Zea mays L. Pioneer 3369AX and »6Jgbum [Srpghum"-
bicolor (L.) Moensch Savanna 4 19833-5134]. Ttfecropv ,
were grown in controlled environment chamber! (200 M*, -
16-h day, 30 °C day, 18 °C night), and the Mil was kept
at ~80% field capacity and fertilized weekly with a
modified Hoagland's nutrient solutin (Weber, 1977).
Height, root, and top fresh weight measurements were
taken at harvest or as indicated. Cumulative water use.
measurements were taken periodically using implanted
pots to account for water lost to evaporation from the soiL
The second and third soybean plantings followed the or-
iginal planting reported in a previous study (Weber and
Mrozek, 1979) and represent a continuatiorxpf this par-
ticular study.- -J5* _

"C-Labeled PCB -Studies. A rintffcoeled poly-
chlorinated biphenyl mixture resembling Aroclor 1254
[specific activity « 31.3 mCi/nfmol, obtained from New
England Nuclear (lot no. 872-193), avaiage molecular
weight » 326.25] was mixed with Aroclor 1254, in 95%
ethanoL The labeled material was an isomeric mixture of
U-l4C-labeled polychlorinated biphenyls ~54% chlorine
by weight having a greater Cl/biphenyl range than the

J. Agnc. rood

unlabeled material. The PCB rates used for these studies
were 0 and 20 ppm, and activated carbon rates were 0 and
3.7 t/ha (3333 ppm). PCB and activated carbon applica-
tions were made according to the previously described
protocol. The pots were planted to fescue (Festuca
arundinacea Schrib. Kentucky 31), beet, sorghum, peanut
(Arachis hypogaea L. NC-2), and corn. Plants were con-
tinuously cropped in the same poU (without additional
PCB additions) under the same controlled environment
chamber conditions described in the unlabeled PCB
studies. The sequence of planting and days of growth were
as follows: fescue-1 (50), beet (39), sorghum (39), peanut
(78), fescue-2 (25), com (13), and fescue-3 (48). The
plantings followed one another in the same pota after ac-
cumulated toxins were leached out through the bottom of
the pot.

At harvest, plant height and top fresh weight were de-
termined. 14C activity was extracted from freshly cut plant
tops by homogenizing them in 25-35 mL of a 1:1 hex-
ane-acetone mixture for 1 min with a homogenizer at
25 000 rpm. The extract was separated from the homo-
genate by suction filtration through a glass fiber filter and
washed with an additional 10-15 mL of extractant. The
filtrate was evaported to near dryness under a hood and
then redissolved in 5 mL of hexane by sonication for 1 min.
A 1-mL aliquot was removed and added to a scintillation
vial containing 20 mL of cocktail (5.0 g of 2,4-diphenyl-
oxazole, 0.1 g of l,4-bis[2-(4-methyl-5-phenyloxazolyl)]
benzene, 1000 mL of Triton X-100, and 2000 mL of tolu-
ene). For removal of quenching due to chlorophyll, 5-10
drop* of sodium hypochlorite (chlorox) was added. Ra-
dioactivity was determined in a liquid scintillation spec-
trophotometer for 20 min and was corrected for back-
ground levels in plants and for counting efficiency. All 14C
content of plants is reported on a fresh weight basis.
Recoveries of spiked samples ranged from 86 to 99%.
Activities which were converted to ppm represent a best
approximation. - --;••

Random duplicate sofl samples of ~5 g were taken from
the pots 1.5 yean after initial treatment and continuous
cropping and extracted by shaking with 20 mL of hexane
for 24 h. Following removal of the supernatant by suction
filtration through a glass fitter, a 2-vL aliquot was taken
and counted in a manner similar to that described for the
plant samptlJkrRecovery of spiked samples averaged 93
* 1% after the-first extraction; therefore, no conversion

? iactor watfetectin the final calculation of recovery.: -; Statistic*! Treatnumt. Analyses of variance were ._
•-̂ jSfft.M '"•tfff^tiiii Tmy4rt̂ i»H nntrtpWji hWV Mqwimmta .

with the :iarbotL and no carbxaf treatments analyzed as
complete blocksvPCB rates as the main treatment, end
PCB X carbon as an interaction effect When the PCB
X carbon interaction f test proved to be significant, LSD's
were calculated for mean pairs. Analyses of variance were
also performed within the carbon treatments. When the
PCB treatment efiedTproved to be significant, differences
from-the respective controls within the block were indi-. r^
eated.-Three replications were used for the unlabeled PCB .

, studies.. All testa for significant differences were made at
the pjQfcjew$bf probability of error unless otherwise noted
RESULTS.SND DISCUSSION , ^ . .

After the first crop of soybeans grown iaf-the PCB-
treated pots showed significant reductions in height and^y
top fresh weight at 100 and 1000 ppm and reduction of
5-day cumulative watef use at aft PGB rates (Weber and vg
Mrozek,1979), it was decided to continue cropping the
same pots. This procedure allowed us to study the lon-
gevity effect of soil-applied PCB on plants as well as the
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Table 1. Height and Top Fresh Weight and Cumulative Water Use for Two Crops" of Soybean, As Affected by Soil-Applied
'PCB (Aioclor 1254 l a n d Protection by Activated Carbon Applied to Lakeland Sand

cumulative water use
height

carbon. PCB,
t/ha ppm
0 0

1
10

100
1000

3.7 0
1

10
100

1000

second
cm

35.6
34.8
35.6
35.0
27.9
36.7
37.1
36.8
34.9
36.9

crop
%/ 6

0
1
0
1

22
0

-1
0
5
0

third
cm

69.0
55.3d

49.3d

53 8d

56.7d

48.0
58.3
54.5
56.5
59.0

crop
% /

0
20
29
22
18
0

-21
-14
-18
-23

top fresh weight*
second

e
11.30
10.83
10.96
11.02
8.64

12.42
13.11
13.06
12.21
12.55

crop
%/

0
4
3
2

24
0

-6
-5

2
-1

third

e
7.04
7.22
7.82
7.19
4.41d

7.10
7.81
7.41
7.15
6.53

crop
%/

0
-3

-11
-2
37
0

-10
-4
-1

8

second
mL
239
214
219
202
126
258
253
254
239
235

(18- 2 2 days)6

crop
%/

0
10
8

15
47
0
2
2
7
9

third
mL

149
146
147
141
101d

127
130
139
140
95

crop
%/

0
2

-5
5

32
0

-2
-9

-10
25

LSD 0.05 NSC NS 10 21 NS NS NS NS NS NS NS NS
" Grown for 23 and 24 days, respectively. b Percent inhibition compared to respective controls; negative inhibition indi-

cates stimulation. c PCB ,Y carbon effect not significant at the 5% level of probability. d PCB effect within carbon treat-
ment is significant and particular mean is different from control at 5% level of probability.

Table II. Height and Top Fresh Weight at Various Times and Cumulative Water Use for Beets, As Affected by Soil-Applied
PCB (Aroclor 1254) and Protection by Activated Carbon Applied to Lakeland Sand

height at

carbon, PCB,
t/ha ppm
0 0

1
10

100
1000

3.7 0
1

10
100

1000

14 days
cm

3.2
3.5
3.2
2.8
1.2d

3.0
3.7
3.8
3.3
3.3

%/c

0
-9

0
13
63
0

-23
-27
-10
-10

28 days
cm

5.0
5.0
5.0
5.0
1.5"
5.2
5.3
5.5
5.0
5.3

%/
0
0
0
0

73
0

-2
-6

4
-2

56 days
cm
13.5
14.3
12.0
15.6

Od

14.9
16.5
16.8
16.5
15.1

%l
0

-6
11

-16
100

0
-11
-13
-11
-1

top fresh weight6

28 days
E

5.1
5.4
5.3
5.0
Od

5.0
6.1
5.1
6.1
5.2

%/
0

-6
-4

2
100

0
-22
-2

-22
4

56
S

6.3
8.3
5.7
7.5
0"
7.4
7.5
7.5
7.9
8.3

at
days

7,1
0

-32
10

-19
100

0
-1
-1
-7

-12

cumulative
water use

32-53
mL

392
374
348
304

17d

414
476
469
440
425

days"
%/

0
5

11
22
96
0

-15
-13
-6
-3

LSD 0.05 0.9 28 1.4 3.6 27 NS* 3.4 54 90 23
" Mean of two plants, each pair harvested from the same plot at 28 and 56 days. b Percent inhibition compared to re-

spective controls; negative inhibition indicates stimulation. e PCB X carbon effect not significant at the 5% level of prob-
ability. d PCB effect within carbon treatment is significant, and particular mean is different from control at 5% level of
probability.

effectiveness, over time, of the activated carbon treatment
to protect the crop from injury.

Inhibition of plant height caused by PCB X carbon
effects were significant only for the third crop of soybean
(Table I), where inhibitions of 29 and 22% were reached
at the 10- and 100-ppm rates, respectively. When heights
were analyzed within the carbon treatments (blocks),
significant difference due to PCB treatment was reached
only in the no carbon treatment of the third soybean crop
where heights were significantly lower at all levels of PCB.
Top fresh weight and cumulative water use inhibitions
were not significant for PCB X carbon effects for either
crop of soybean. However, effects of the PCB treatment
on fresh weight of the third crop and cumulative water use
for both the second and third crops of soybean were sig-
nificant, but only at the 1000-ppm rate in the no carbon
treatment. The 47% inhibition of water use at the 1000-
ppm rate for the second crop of soybean was significantly
lower at the 10% level of probability. Root fresh weight
differences caused by PCB were not significant and are
not reported.

Height inhibitions of 22 and 18% and top fresh weight
reductions of 24 and 37% at the 1000-ppm rate for the
second and third crops of soybean, respectively (Table I),
t-nn l>c compared to the 15% reduction in height and 22%
reduction in top fresh weight reported in the first study

(Weber and Mrozek, 1979). Inhibitions of water use at the
1000-ppm rate of PCB for the second and third crops
reached 47 and 32%, respectively, also comparing to the
52% reduction repotted in the first study. However, sig-
nificant reductions in water use, which occurred at all PCB
rates in the first study, were noted only at the highest rate
in either later study. Significant top fresh weight reduc-
tions were not observed at the 100-ppm rate as they were
during the first study. No malformations of leaves at the
1000-ppm rate in the no carbon treatment were noted for
the second and third crops of soybean, as was previously
reported for the first crop. These trends indicate that
soil-applied PCB's diminish in tozicity to soybean with
increasing time and subjection to cropping. The activated
carbon treatment eliminated all significant differnces in
height, top fresh weight, and cumulative water use caused
by PCB in the no carbon treatment This protective effect
continued through three crops of soybean, illustrating the
protectiveness, over time, given by the activated carbon
treatment

Beets were chosen as experimental plants to determine
the effectiveness of activated carbon in protecting a root
crop from PCB's. All PCB. carbon, and PCB X carbon
effects were significant for heights and top fresh weights
at all sampling dates and for water use, with one exception
(Table II). The PCB X carbon interaction effect of beet
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Table III. Height Inhibit ion at 5 Days and Recovery by
18 Days for Corn by PCB (Aroclor 1254) Applied to
to Lakeland Sand

height at

carbon.
t/ha

0

3.7

PCB.
ppm

0
1

10
100

1000
0
1

10
100

1000

5
cm

4.7
5.6
5.8
4.0C

2.9e

5.4
5.8C

5.8C

5.9C

5.9C

days
%l"

0
2
3

30
49
0

-7
-7
-9
-9

18
cm

46.7
48.7
49.3
48.7
45.7
46.0
42.7
43.3
43.7
43.7

days
%/

0
-4
-5
-4

2
0
7
6
5
5

LSD 0.05 0.3 NSb NS
• Percent inhibition compared to respective controls;

negative inhibition indicates stimulation. b PCB X car-
bon effect not significant at 5% level of probability.
c PCB effect within carbon treatment is significant, and
particular mean is different from control at 5% level of
probability.

top fresh weights taken at 28 days was significant only at
the 10% level. When heights, top fresh weights, and water
use were analyzed within blocks, effects due to PCB
treatment were significant only at the 1000-ppm rate in
the no carbon treatment.

By 14 days, beet foliage height was inhibited by 63%
at the 1000-ppm rate, increasing to 73% by 28 days and
finally to 100% with the death of the plants between 28
and 56 days (Table II). Top fresh weight was reduced to
nearly 100% after 28 days of growth in the 1000-ppm rate
of PCB (only one plant out of six survived). Cumulative
water use reductions exhibited a progressive reduction with
increasing PCB treatment, becoming significant at only
the highest PCB rate (however, approaching significance
at the 100-ppm rate). Beets are apparently extremely
susceptible to soil-applied Aroclor 1254 at the 1000-ppm
rate, yet activated carbon protected the beets from the
PCB's. In fact, significant growth stimulation resulted
from the carbon treatment. Possible explanations for the
improved plant growth from the carbon addition include
the possibility that the activated carbon adsorbed non-
specific toxic substances normally found in soils or that
the activated carbon acted to buffer the availability of
applied nutrients.

There was no significant effect of PCB or PCB X carbon
interaction on corn height and top fresh weight taken at
26 days or cumulative water use taken between 12 and 26
days of growth (data not shown). Similarly, there was no
significant effect of PCB on sorghum height and top fresh
weight, taken at 69 days, and cumulative water used taken
between 65 and 68 days (data not shown). At harvest the

crops appeared healthy d.spite PCB treatment; even
differences between carbon and no carbon treatments also
appeared minimal. The only effect observed was a sig-
nificant reduction in corn height at the 100- and 1000-ppm
rates after 5 days of growth (Table III). Corn plants
appeared to recover and no differences from the controls
could be seen after 18 days. These data suggest that corn
and sorghum can withstand relatively high rates of PCB
in the soil without permanent effects on growth.

In order to determine the influence of activated carbon
on the uptake of soil-applied [MC)PCB by plants, a non-
toxic rate of 20 ppm was chosen. Amounts in the plants
were <1 ppm (fresh weight basis) (Table IV), which con-
curs with the low values reported in the literature. Re-
ductions in [I4C]PCB uptake due to activated carbon
treatment ranged from 81 to 100%. The lowest reduction
(81%) for com probably resulted from the high amount
of variability in [14C]PCB content at extremely low levels
of uptake. Reductions at relatively higher amounts of PCB
uptake are much more meaningful than at lower amounts
of PCB uptake. These data indicate activated carbon was
highly effective in reducing [UC]PCB uptake by these
crops.

Bioaccumulation factors are included in Table IV.
Bioaccumulation is generally taken to be the factor, ex-
pressed as a ratio, at which level a chemical is present in
an organism relative to the level found in its environment,
either soil or water. A factor greater than 1 means the
organism contains a greater concentration of the chemical
than the soil or water it inhabits. The bioaccumulation
factors for the crops are much lower than 1; none were
greater than 0.041. This signifies that amounts in the
plants were very low relative to the concentration in the
soil. The connotation implied by the terms bioaccumu-
lation factor or biomagnification factor is often misleading.
In aquatic systems bioaccumulation factors are ofter large,
which is predictable for chemicals of such low water sol-
ubility. The amount of chemical actually dissolved in the
water is so low that any amount taken in by an organism
becomes substantially larger than that found in its sur-
roundings. In sofl systems, bioaccumulation factors do not
account for the water solubility of a chemical or its ad-
sorption to a particular soil constituent, which may greatly
decrease the amount of chemical in the soil solution and
influence the availability of chemicals to organisms (Weber,
1972; Weber and Weed, 1974). Bioaccumulation factors
are generally reported on a weight basis. Most soil weights
are reported as dry weights while plant weights may be
reported as either dry or wet weights, further allowing for
difficulty in interpretation. The calculated PCB content
reported in Table IV represents a theoretical amount of
PCB in the plant which is extractable. By combustion of
a sample of redroot pigweed plants (Amaranthus retro-
flexia L.) grown in [l4C]PCB-treated soil and entrapment
of the 14C activity, an estimate of unextractable residue

Table IV. "C, Estimated PCB Content of Plant Tops, and Bioaccumulation Factor* of Various Crops Grown in Lakeland
Sand Treated with ("C]PCB" (Aroclor 1254) and Activated Carbon

crop
beet'
sorghum*
peanut'
com*

growth
period,
days
39
39
78
13

"C and PCB content
no carbon

dpm/gfw*
149.1
12.5
86.5
0.32

ppbc

815
68

473
2

b.f."
0.041
0.003
0.024
0.001

dpm/gfw
18.6
0
6.8
0.06

carbon
PPb

102
0

37
0.3

b.f.
0.005
0
0.002
0.00002

reduction in
uptake by
carbon, %

88
100
92
81

" Applied 0.5 xO to 300 g of soil; total [ "C]- and ("C]PCB concentration was 20 ppm. b Disintegrations per minute per
gram fresh weight. c Based on fresh weight. d Bioaccumulation factor based on fresh weight. ' Mean of two replications.
'Mean of three replications.
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Table V. "C Extracted from Fescue Grown for Three
Different Periods on Lakeland Sand Treated with
["CJPCB3 (Aroclor 1254) and Activated Carbon

"C content , ..reduction

sampling date6

Nov 3, 1978"
July 5, 1979
Feb 6, 1980

no carbon,
dpm/gfwc

309.1
73.5
28.6

carbon, in uptake
dpm/ by carbon,
gfw %
0 100
0.2 100
2.2 93

« Applied 0.5 »Ci to 300 g of soil; total ["C]- »nd fC]-
PCB concentration was 20 ppm. b After 50, 25, and 48
days of growth, respectively. e Disintegrations per min-
ute per gram fresh weight. d Originally reported in Weber
and Mrozek (1979).

was obtained (Mrozek, 1980). The total residue was de-
termined to be 500 dpm/g dry weight, whereas the level
of extracted activity was 234 dpm/g dry weight. This
represents an underestimation of ~50%, which is com-
parable to the value of unextractable residues reported in
the literature (Moza et al., 1976,1979a,c). Furthermore,
the form of the PCB in the plant may not be in the parent
isotype but in the form of conjugates and phenols, as re-
ported by Moza et al. (1976, 1979a-c).

Three crops of fescue were grown in one set of treated
pots at various periods to determine the long-term effec-
tiveness of the activated carbon treatment in reducing
(UC]PCB uptake (Table V). Though the growing periods
of the three crops of fescue varied in length, the fresh
weight production of each crop was comparable, averaging
2.25,2.26, and 3.50 g, respectively, for the three crops. 14C
content of fescue in the no carbon treatment decreased
with each sampling over a 15-month period. Of 3667
dpm/g UC originally applied to the soil, after 1.5 yean of
cropping, 1939 and 3248 dpm/g could be extracted from
the no carbon and carbon treatments, respectively. This
corresponds to a 53% recovery in the no carbon treatment
and a 89% recovery in the carbon treatment of applied 14C
activity after 1.5 yean. The majority of loss of PCB's can
probably be explained as resulting from volatilization.
Discounting losses due to uptake by plants in each
treatment (only a total of 0.36% of applied activity was
taken up in the no carbon treatment), the activated carbon
apparently inhibited the disappearance of PCB from the
soil. However, the possibility remains that upon volatil-
ization or microbial breakdown of the PCB's, the PCB or
UC02 may have adsorbed to the activated carbon surface
and provided an underestimate of the disappearance of the
parent molecule (Helweg, 1975). Another possibility is that
with increasing time in the soil, PCB's may become less
extractable but may remain extractable from activated
carbon. Recovery of uC-labeled PCB from a forest soil
averaged 80% after extraction with hexane and centrifu-
gation, 6 months after application, whereas an acetone
Soxhlet extraction was able to recover 95% of that applied
(Seidl and Ballschmiter, 1976). It has been our experience
that centrifugation of PCB's in hexane or water greatly
reduces the amount in solution, which may explain this
discrepancy in recoveries. No activity was detected in the
collected leachate of carbon-amended pota; very little (less
than 0.1% of appb'ed activity) was detected from the no
carbon pots. Also, the decrease in UC activity extracted
from fescue tops was greater than could be explained by
the decrease in 14C content in the soil This suggests that
with continued residence in soil, less PCB is available to
plants, possibly due to complexing by organic soil colloids.
PCB's are reported to have a high affinity for the organic
component of soils (Haque et al., 1974; Scharpenseel et al.

1977a,b). Lower chlorinated biphenyls are reportedly
taken up in greater amounts than higher chlorinated bi-
phenyls (Iwata et al., 1974; Wallnofer et al.. 1975; Suzuki
et al.. 1977; Moza et al., 1979a). Perhaps continued
cropping of these pots caused a depletion of the more
mobile, lower chlorinated PCB's, leaving behind less mo-
bile, higher chlorinated PCB's. Depite the /act that the
absolute amount of I4C activity (either PCB or metabolites)
remaining in the soil was greater and decreased less rapidly
in the carbon treatment than in the no carbon treatment,
the activated carbon still reduced [UC]PCB uptake by
93-100% over a 15-month period.
CONCLUSIONS

Soil-applied PCB (Aroclor 1254) caused reductions of
height, top fresh weight, and cumulative water use for
soybean and beet at the 1000-ppm rate. Corn and sorghum
appeared tolerant to high rates of PCB in the soil (1000
ppm in these studies). Little phytotoxic damage is likely
to result from application of sludge containing moderate
levels of PCB (1-50 ppm) applied at reasonable rates to
soil (11200-44800 kg ha'1 year'1). Measurable growth
effects due to soil-applied PCB were eliminated by acti-
vated carbon.

[UC]PCB studies showed a reduction in uptake of
soil-applied [14C]PCB by beet, com, sorghum, and peanut
due to soil treatment with activated carbon. Reduction
of l*C uptake by fescue in the no carbon treatment con-
tinued over a 15-month period. Calculated estimates of
PCB levels in the crop foliage were low (<1 ppm fresh
weight) when applied to soil at 20 ppm. Activated carbon
appeared to inhibit the disappearance of [l*C]PCB or
metabolites from soil over a 1.5-year period. These studies
demonstrate that activated carbon could be effectively
used to adequately reduce PCB uptake, should PCB levels
in crops grown on sludge-amended sofl reach high levels.
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Indole Metabolites from a Strain of Aspergillus flavus

Richard J. Cole,* Joe W. Dorner, James P. Springer, and Richard H. Cox

The X-ray structure of dihydroxyaflavinine, a new diterpene indole metabolite from Aspergillus flavus,
is reported. The fungal tremorgens aflatrem and paspalinine were also isolated from the A. flavus isolate.
Previously, paspalinine has only been reported from sclerotia of Claviceps paspali.

The tremorgenic indole metabolites of Claviceps paspali
are closely related chemically to aflatrem (I), which is

1 AFLATREM

produced by some strains of Aspergillus flavus (Cole et
aL, 1977; Gallagher et al., 1980s). In addition, aflatrem

National Peariut Research Laboratory, U.S. Department
of Agriculture, Science and Education Administration,
Agricultural Research. Dawson. Georgia 31742 (R.J.C. and
J.W.D.), Merck Institute of Therapeutic Research. De-
partment of Biophysics, Rahway, New Jersey 07065
(J.P.S.), and National Institute of Environmental Health
Sciences, Research Triangle Park, North Carolina 27709
(R.H.C.).

represents the most logical distal product in the biosyn-
thesis of this group of fungal metabolites (Cole, 1980).
Because some A. flavus isolates can produce this distal
product, some of the C. paspali type indoles may be
present in A. flavus cultures. These relationships
prompted us to critically examine the indole metabolites
of an aflatrem-producing strain of A. flavus to determine
if the C. paspali type metabolites are also metabolites of
A. flavus. We now report the isolation and identification
of the C. paspali type tremorgen paspalinine (ID and a new

II PASPALININE

unrelated nontremorgenic indole diterpene metabolite,
20,26-dihydroxyaflavinine (III), from A. flavus.
MATERIALS AND METHODS

The A. flavus (NRRL 3251) isolate was obtained from
the Northern Regional Research Center Culture Collection.
The fungus was mass cultured in 2.8-L Fernback flasks,

This article not subject to U.S. Copyright Published 1981 by the American Chemical Society
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COMPARATIVE STUDY OF 3,4,3',4'-
TETRACHLOROBIPHENYL IN MALE AND
FEMALE RATS AND FEMALE MONKEYS

F. M. Abdel-Hamid, J. A. Moore, H. B. Matthews

National Institute of Environmental Health Sciences,
Research Triangle Park, North Carolina

3,4,3',4'-Tetrochlorobiphenyl (TCB) is thought to be the most toxic chlorinated
biphtnyl present in commercial poly chlorinated biphenyl (PC8) formulations. A
comparative study of the distribution and excretion of TCB has been done in male
and female rats and female rhesus monkeys in an effort 'to account for the toxicity of
this PCS. The distribution and clearance of TCB were similar in mole and female rats,
and although TCB was cleared more slowly by monkeys, than by rats, the monkeys
were able to clear it at an appreciable rote so that tissue levels were negligible 6 wk
after TCB administration. The results indicate that the toxicity of TCB cannot be
attributed to inability of the animals to metabolize and excrete it or to its persistence
in any tissue, with the possible exception of blood. TCB and/or TCB metabolites
appear to be more persistent in blood than any PCB studied to date.

INTRODUCTION
Polychlorinated biphenyls (PCBs) were manufactured, marketed, and

used as complex mixtures of congeners and isomers for approximately 30
yr before it was discovered that they are ubiquitous contaminants of the
environment (Hutzinger et al., 1974). They have been identified as the
causative agents in one incident of large-scale human poisoning (Kuratsune
et al., 1975) and several incidents of livestock contamination (Kimbrough,
1972). Thus, a considerable effort has been exerted to elucidate the
toxicology of PCBs.

Studies of the toxicity of PCBs have shown considerable variation with
species. Many species, including laboratory rats and mice, are only
moderately sensitive to intoxication by most PCBs (Grant and Phillips,
1974; Biocca et al., 1975), whereas the monkey appears to be quite
sensitive (Alien and Norback, 1976). Two PCBs, 3,4,3',4'-tetrachloro- and
3,4,5,3',4',5'-hexachlorobiphenyl, have been highly toxic to all species

The authors wish to extend their appreciation to Or. E. E. McConnell for his necropsy and
histological studies of the monkeys, to Dr. George Lucier for his helpful discussion of the data, to
Dr. Donald Feldman for treating the monkeys and taking blood samples, and to Ms. Minerva Fields
and Ms. Martha Harris for technical assistance.

F. M. Abdel-Hamid is IAEA Fellow, Atomic Energy Authority, Radioisoiopes Department,
Cairo, Egypt (present address).

Requests for reprints should be sent to H. B. Matthews, National Institute of Environmental
Health Sciences, Box 12233, Research Triangle Park, North Carolina 27709.
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tested and are the only PCBs known to induce the dramatic atrophy of
the lymphatic organs and phorphyrin accumulation characteristic of intoxi-
cation by the chlorinated dioxins and furans (Biocca et al., 1975;
McKinney et al., 1980). However, the effects of much higher doses of
other PCBs are unknown. These toxic PCBs are also the only chlorinated
biphenyls known to induce increased formation of cytochrome P-448 and
aryl hydrocarbon hydroxylase (Goldstein et al., 1977; Poland and Glover,
1977). 3,4,3',4'-Tetrachlorobiphenyl (TCB) has been shown to be a potent
teratogen, inducing behavioral and kidney abnormalities in rats, whereas
similar treatment with 2,4,5,2',4',5'-hexachlorobiphenyl produced no such
developmental defects (Lucier and McDaniel, 1979). Furthermore, the
behavioral effects induced by TCB in perinatal exposure persisted into
adulthood (Tilson et al., 1979).

As opposed to the toxic hexachlorobiphenyl, TCB is found in com-
mercial PCB formulations and has been detected in environmental samples
(Albro and Parker, 1979). It was therefore of interest to make a
comparative study of the disposition of this PCB in both sexes of the rat
and in the female monkey. The objective of the study was to determine
whether the unique toxicity of this PCB could be attributed to a slower
rate of clearance or to a pattern of tissue distribution that differed from
that observed previously for a series of other PCBs (Matthews and
Anderson, 1975a; Matthews and Tuey, 1980; Van Miller et al., 1975;
Peterson et al., 1976).

MATERIALS AND METHODS
Carbon-14-labeled TCB (New England Nuclear, Boston, Mass.) of

specific activity 15.1 mCi/mmol was diluted with unlabeled TCB, dissolved
in an equal mixture of ethanol and Emulphor EL-620 (GAF Corp., New
York, N.Y.), and made up to the required volume with 4 parts water to
give a concentration of 0.6 mg/ml and a specific activity of 3.33 jiCi/ml.
Young adult rats weighing 210-270 g (CD strain, Charles River Breeding
Laboratories, Wilmington, Mass.) were injected iv with [ I 4C]TCB solution
as a single dose of 0.6 mg/kg body weight. At each of a number of
predetermined time points, groups of three rats were sacrificed and
samples of blood, liver, femoral muscle, adipose tissue, and skin plus 1 cm
from the tail around the injection site were taken from each animal and
stored in a freezer (— 16°C) until they could be analyzed for TCB-derived
radioactivity. Animals having 5% or more of the dose at or around the
injection site were discarded and additional animals were treated and
sacrificed at the appropriate time points as replacements. Rats held for 1 d
or more were housed in individual metabolism cages with food and water
ad libitum and urine and feces were collected daily. Estimates of tissue
volumes and methods used for tissue and feces oxidation, analysis of urine
and bile, and extraction of tissue and excreta have been reported
(Matthews and Anderson, 1975b).
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Adult female rhesus monkeys (5.2-6.8 kg) obtained from the NIH
Primate Colony (Bethesda, Md.) were anesthetized with ketamine (Bristol
Laboratories, Syracuse, N.Y.) and given an iv injection of TCB (0.6 mg, 20
pCi/kg) prepared in Emulphor-ethanol-water as described for the rats.
After the injection venous blood samples were taken at 1, 3, and 24 h, at
2, 7, and 14 d, and at sacrifice. Monkeys were housed in individual
metabolism cages and feces and urine were collected daily from treatment
to sacrifice 42 d after administration. At sacrifice the monkeys were
subjected to a complete necropsy and samples of the major tissues were
taken for radioactivity assay as previously described (Sipes et al., 1980).
Methods used in extraction and analysis of monkey urine and feces were
also described by Sipes et al. (1980).

RESULTS

Tissue Distribution
The distribution of TCB-derived radioactivity in the tissues of male

and female rats at various times after administration is presented in Tables
1 and 2. The data show that most of the TCB was rapidly removed from
the blood and at approximately the same rate in both sexes. The amount
of TCB-derived radioactivity in the blood did not vary significantly with
sex at any time point for which comparable data were available. Liver and
muscle accounted for storage of a significant portion of the dose during
the first 4 h after administration; however, by 24 h after administration
most of the TCB had been cleared from these tissues. Clearance of TCB
from liver was relatively rapid and showed very little variation with sex.
Clearance from muscle was also relatively rapid; however, the data for
muscle were more variable than the data for liver, and sex-related
differences could not be clearly established or dismissed. The peak TCB
concentration in the skin in both male and female rats was observed

TABLE 1. Average Percent of Total Tetrachlorobiphenyl Dose in Male Rat Tissue with Time

Percent of dose

Time

1 h
2h
4 h

24 h
2 d
7d

Blood

3.18
2.74
4.09
3.41
1.79
0.8

i 0.26
i 0.07
i 0.54
J 0.47
10.35
1 0.14

Liver

11.74
8.78
6.85
2.13
0.97
0.45

t 3.
t 4.
t 1.
s 0.
i 0
r 0.

10
10
05
10

,14
IS

23
18
6
5
1

Muscle

.27i

.51 i

.71 i
-58i
.46t
0.5i

1.74
1.56
1.20
0.67
0.05
0.03

Sk

13.81
16.32
14.05
7.97
2.84
2.23

in

±0.54
i 1.17
i 0.63
i 0.62
i 1.06
i 0.42

Adipose
tissue

15.62 t 2.71
24.51 i 1.62
22.89 i 0.95
18.29 i 1.73
13.83 16.37
2.74 i 0.45

Dose = 0.6 mg/kg.
Each value is the mean i SD obtained with three animals per group.
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TABLE 2. Average Percent of Totil Tetrachlorobiphenyl Dose" in Female Rat Tissues with Time

Percent of dose

Adipose
Time

30 mm
3 h
4 h

24 h
7d

Blood

7.18 ±
4.95 ±
3.93 ±
3.93 t
l .OOi

1.98
2.37
2.06
0.39
0.63

Liver

16.0± 0.50
9.0 ± 1.30
8.8 i 4.10
2.1 ±0.15
1.3i0.30

Muscle

33.
22.
16.
12.
3

.32

.28

.20

.83

.38

i 10.14
t 6.97
±9.33
± 9.76
± 2.63

12.

Skin

30 i
19.90i
16.
8.
1.

,22 i
.28 i
80 i

4.40
2.96
0.99
1.92
0.83

7.
14.
12.
9.
7.

tissue

.46 i 5.19
68 i 2.63
201 0.57
60 t 2.4
,40t 1.31

Dose = 0.6 trig/kg.
Each value is the mean i SD obtained with three animals per group.

approximately 2 h after administration and the concentration decreased
steadily thereafter. Neither the magnitude of the peak concentration in
skin nor the rate of decay from the peak concentration indicated a
significant variation with sex. The data in Tables 1 and 2 indicate that
female rats accumulated a smaller portion of the TCB dose in adipose
tissue than did males, but females also cleared TCB from adipose tissue
more slowly than did males. At 7 d the TCB stored in adipose tissue
showed more variation with sex than that in any other tissue.

Excretion by Rats
The pattern and route of excretion of TCB-derived radioactivity in

male and female rats varied only slightly (Figs. 1 and 2). The major route
of excretion in both sexes was via the feces. Cumulative excretion of TCB
and/or its metabolite(s) in urine accounted for less than 2% of the dose
during the 7-d holding period. Approximately 1% of the dose was excreted
in urine during d 1 of the study, followed by less than 1% during the
remaining 6 d (Fig. 1). As with urine, the largest single excretion of
TCB-derived radioactivity in feces occurred on d 1, but in feces the rate of
TCB excretion decreased more slowly than in urine (Fig. 2). The values
for cumulative 7-d excretion of TCB-derived radioactivity in the feces of
male and female rats were 79.9 ± 11.2 and 88.4 ± 6.8% of the total dose,
respectively. Extraction and analysis of the feces and urine (Matthews and
Anderson, 1975b) indicated that more than 90% of the TCB-derived
radioactivity excreted by either route was in the form of various
metabolites of this PCB. Results from studies of bile duct cannulations
indicated that the major source of the TCB-derived radioactivity excreted
in feces was the bile.

Tissue Extraction
Since the distribution and clearance of TCB showed only minor

variations with sex, it was assumed that the nature of the TCB-derived
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FIGURE 1. Cumulative excretion of TCB in urine by male (»| and female (•) rats. Each point
represents the average ± SO obtained with three animals that received an iv dose of 0.6 mg/kg.

radioactivity in tissues would also be quite similar, and analysis of
radioactivity in the tissues at various time points was restricted to tissues
from male rats. The results of tissue extraction and analysis are presented
in Table 3. It is seen that, with the exception of blood, most of the
radioactivity in rat tissues was unmetabolized TCB. In blood, the concen-
tration of metabolites of TCB equaled or exceeded the concentration of
the parent compound at every time point assayed.

Tissue Distribution in Monkeys
Three adult female rhesus monkeys were treated with a single dose of

TCB, as described under Methods. Monkeys were held in individual

IOO

80

% 60

£

j« 40

20

1 2 3 4 5 6 7
Time (day)

FIGURE 2. Cumulative excretion of TCB in feces of male (») and female (•) rats. Each point
represents the average t SO obtained with three animals that received an iv dose of 0.6 mg/kf.
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TABLE 3. Tetrachlorobiphenyl Meubolites in Male Rat Tissues

Metabolites (% of total radioactivity}"

Adipose
Time Blood Liver Muscle Skin tissue

1 h
2 h
4 h
8h

24 h

50

72.9
91.0
86.5

5.3
-

35.4
10.7

1.6
—

7.7
8.9

>}

—
3.2
2.2

—
1.2
1.5

"Values represent the percent of total radioactivity in tissue that did
not cochromatograph with parent compound or was not extracted by
organic solvents.

metabolism cages with food and water ad libitum. Blood samples (~3 ml)
were taken from each monkey at six time points and at sacrifice. Each
blood sample was extracted as described under Methods to determine the
relative amounts of parent TCB and TCB metabolites. These results are
presented in Table 4. Approximately 95% of the TCB dose was removed
from the blood within 1 h after it was administered. The amount of TCB
in blood continued to decrease for the first 24 h after administration and
then increased to a small secondary peak between 2 and 7 d. After 7 d
the TCB in blood decreased slowly to nearly negligible levels at sacrifice
on d 42. The relative amount of TCB metabolites increased steadily until
it accounted for all but a trace of the TCB-derived radioactivity in blood

TABLE 4. Tetrachlorobiphenyl
with Time

in Monkey Blood

Time

1 h
3 h
1 d
2d
7d

14d
42 d

Percent of
total dose"

4.38* 0.5 }e

2.32 £ 0.36
1.84 t 0.13
3.23 t 0.57
3.49 i 0.80
1.81 10.22
0.1 4 ± 0.07

Percent of
metabolite

Trace
22
52
53

>98
>98
ND*

Dose = 0.6 mg/kf.
Percent of radioactivity in blood that did not

cochrocnatofraph with parent compound.
f Each value is the average t SO obtained with three

animals.
''NO, too link radioactivity to determine percent of

metabolite.
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by d 7. At necropsy, the only signs of PCB intoxication were thickened
meibomian glands of the eyelid, in which histology showed atrophy of
sebaceous elements and enlarged central ducts impacte'd with keratin
(McConnell and Moore, 1979; Moore et al., 1979). Tissues sampled at
sacrifice included blood, liver, kidneys, heart, lungs, muscle, intestines,
adrenals, skin, and adipose tissue. By d 42 most of the TCB had been
cleared from all tissues except adipose tissue, which contained 2.1 ± 1.8%
of the total dose compared to only 1% for all the other tissues combined.
These low levels of radioactivity precluded determination of the relative
amounts of parent and metabolite TCB in monkey tissues.

Excretion by Monkeys
During wk 1 of the holding period, excretion of TCB-derived radio-

activity in the urine was appreciable and accounted for 6.6% of the total
dose (Fig. 3). During the next 5 wk of the holding period the excretion of
TCB-derived radioactivity in urine was very slow and accounted for only
an additional 1.9% of the total dose. Extraction and analysis of the
radioactivity excreted in urine (Sipes et al., 1980) indicated that 97% was
in the form of metabolites of TCB.

As with rats, the major route of TCB excretion by monkeys was the
feces. However, fecal excretion of TCB by monkeys was somewhat erratic
because the monkeys, apparently stressed by the physical manipulations

60

4O
o•a
o
o

20

IO 20
Time (day)

30 4O

FIGURE 3. Cumulative excretion of TCB in urine (•) ind feces (*) of female rhesus monkeys.
Each point represents an average obtained with three animals. Standard deviation calculations were
limited to simplify the figure.
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associated with TCB administration and blood sampling, excreted little or
no feces before d 5, and one monkey failed to excrete feces before d 8.
Once the excretion pattern became more regular, TCB-derived radioactivity
was excreted in the feces more rapidly than in the urine and accounted
for more than 50% of the total dose in 14 d (Fig. 3). During the next 4
wk the monkeys excreted an additional 10% of the dose in the feces, for a
total of 61.4 ±5.8% of the'total TCB dose in 6 wk (Fig. 3). Extraction
and analysis of the TCB-derived radioactivity excreted in feces (Sipes et
al., 1980) indicated that 97% was in the form of TCB metabolites.

DISCUSSION

With the exception of the unexplained variation in the accumulation
and clearance of TCB from adipose tissue, there were no apparent
sex-related differences in the distribution of TCB in the rat. The patterns
of excretion of TCB by male and female rats were similar, and the lower
total excretion of TCB-derived radioactivity by male rats (Figs. 1 and 2)
was more indicative of lower total recovery of the administered radio-
activity, approximately 89.5% for males compared to 97.1% for females,
than of any sex-related difference. The observation that most of the
TCB-derived radioactivity in tissues was parent compound (Table 3)
whereas most of that excreted was in the form of TCB metabolites is
consistent with reports that PCBs are not excreted to an appreciable
extent before- metabolism to more polar compounds (Matthews and
Anderson, 1975a; Matthews and Tuey, 1980). Therefore, it may be
inferred from the similar rates of TCB excretion by male and female rats
that there is little sex-related difference in the rate of TCB metabolism by
rats.

A comparison of the data presented here with those reported for
disposition studies of other PCBs in the rat (Matthews and Anderson,
1975a; Van Miller et al., 1975; Tuey and Matthews, 1977) indicates that
TCB was cleared from most tissues at rates that might have been
anticipated, given the degree and position of TCB chlorination. That is,
the rate of TCB clearance from most tissues was intermediate between
that of less highly chlorinated and that of more highly chlorinated PCBs
and intermediate between that of 2,5,2',5'-tetra- and that of 3,5,3',5'-
tetrachlorobiphenyl. However, TCB-derived radioactivity remaining in
blood at the later time points, 1 d and longer, exceeded that reported for
any other PCB that has been studied in a similar manner. This observation
was constant despite the fact that some PCBs were much more persistent
in all tissues except blood. For example, in similar studies of TCB,
3,5,3',5'-tetrachlorobiphenyl, and 2,4,5,2',4',5'-hexachlorobiphenyl ad-
ministered at 0.6 mg/kg to groups of three male rats each, the mean
blood levels 7 d after administration were 0.8, 0.4, and 0.19% of the total
dose for the three compounds, respectively, whereas at the same time
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point, mean values of 6.9, 52.7, and 75.0% of the total dose, respectively,
remained in all the other tissues combined (Table 1) (Matthews and
Anderson, 1975a; Tuey and Matthews, 1977). Less than 0.01% of the
total dose of 4-chloro-, 4,4'-dichloro-, or 2,5,2',5'-tetrachlorobiphenyl
remained in the blood 7 d after administration (Matthews and Anderson,
1975a; Van Mil ler et al., 1975).

Sipes et al. (1980) studied the disposition of PCBs in male cynomolgus
monkeys (Macaco fascicularis) and reported that they do not readily
metabolize and excrete PCBs that are chlorinated in the 4,4'- positions. In
the work described here we used female rhesus monkeys and the results
indicate that 50% of the TCB dose was metabolized and excreted within
the first 14 d of the study (Fig. 3). Therefore, the monkeys used in this
study excreted TCB more rapidly than anticipated and the TCB-derived
radioactivity remaining in tissues at sacrifice was quite low. Apart from
confirming that in rhesus monkeys, as in other species, TCB was most
persistent in adipose tissue, the data were limited in usefulness. Radio-
activity recovered from these monkeys averaged 73% of the total dose.
Incomplete collection of feces is thought to be the major source of lost
radioactivity; if the amounts of TCB excreted in feces (Fig. 3) were
actually 27% greater, approximately 50% of the TCB dose would have
been excreted within the first 8-10 d of the study. This excretion is
significantly slower than that in rats, which take approximately 1.3-1.5 d
to excrete 50% of a similar TCB dose, but significantly more rapid than
that fn male cynomolgus monkeys, which take 19 d to excrete 50% of a
similar dose of 4,4'-dichlorobiphenyl (Sipes et al., 1980). Thus monkeys
metabolize and excrete PCB less rapidly than do rats, but it is not certain
whether the variance in PCB clearance observed with monkeys was due to
the species, sex, or PCB studied. It is our opinion, based on previous
experience with studies of PCB disposition, that the different rate of PCB
clearance observed in monkeys was due to the species of monkey used.

The results of this comparative study of TCB disposition corroborate
the observation of Sipes et al. (1980) that PCBs are cleared more slowly
by monkeys than by rats. These observations may explain, in part, the
greater sensitivity of monkeys to intoxication by PCBs (Alien and
Norback, 1976). Furthermore, since at 1 d and later most of the
TCB-derived radioactivity remaining in the blood in both rats and
monkeys was in the form of one or more metabolites (Tables 3 and 4),
the present study also demonstrated for the first time that a metabolite of
this uniquely toxic PCB is more persistent in blood than any individual
PCB or PCB metabolite studied to date. Yamamoto and Yoshimura (1973)
reported that the major metabolite of 2,4,2',4'-tetrachlorobiphenyl is
approximately five times as toxic as the parent PCB. One is tempted to
speculate that a higher concentration of a toxic TCB metabolite in blood
might result in a higher concentration of toxicant at the site of action and
thus account for the unique toxicity of TCB. However, metabolites of
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TCB have not been isolated and studied, and the toxicity of any proposed
TCB metabolites will remain a matter of speculation until this additional
work is done.
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NEW CONCEPTS OF DESIGN AND UTILITY
OF LARGE-SCALE CARCINOGENICITY STUDIES

Lawrence Fishbein

U.S. Department of Health, Education, and Welfare,
Food and Drug Administration, National Center
for lexicological Research, Jefferson, Arkansas

This review summarizes sa/ient features of the recently completed large-scale, long-term
animal carcinogen/city study conducted at the National Center for Toxicologicol Research.

INTRODUCTION

It is generally acknowledged that animal experiments to lest for the possible carcino-
genicity of chemicals provide, to date, the best and only deeply researched method for the
detection of environmental carcinogens for humans. This does not preclude further research
and development of short-term tests (individual, battery, or tier concepts), but for the
present and the foreseeable future, long-term animal tests are the principal predictive toolsfor safety evaluation.

Although results of chronic toxicity and carcinogencsis tests have a major impact on
regulatory and societal decisions, these tests have limitations, and efforts must be made to
improve their reliability and the assessment of the validity of experimental results. While the
predictive value of animal bioassays is good, there are serious limitations that must be dealt
with in applying the test results to best assess human risk.

A broad spectrum of guidelines or recommended procedures have been suggested or
reviewed, primarily in the last 5 yr. These include the following: Ad Hoc Committee on the
Evaluation of Low Levels of Environmental Carcinogens (1971); Arcos ct al., (1968);
B'jrenblum (1969); Canada, Ministry of Health and Welfare (1973); Food Assessment
Scientific Committee (1978); Food and Drug Administration (1976); Golbcrg (1974, 1975);
IARC (1977, 1978, 1979); IRLG (1979); Magee (1970); Munro (1977); NAS (1975); Page,
1977a, 1977b); Rail (1977); Roe and Tucker (1973); Shubik and Clayson (1976); Sontag
(1977); Sontag et al., (1976); Tomatis (1977, 1978); World Health Organization (1969,1974, 1978); Zweickey and Davis (1975).

The view is widely held that there are a number of severe biological, pharmacological,
and statistical problems involved in utilizing data from animal experiments to estimate the
cancer risk to humans from long-term exposure to very low doses of chemicals (Crump et
al., 1976; Food Assessment Scientific Committee, 1978; Gaylor and Shapiro, 1977a; Guess
and Crump, 1976; Hoel et al., 1975; Hocl, 1976, 1977; IRLG, 1979; Mantel and Bryan,1961; NAS, 1975; Weinhouse, 1977).

A major statistical problem is that of extrapolating the animal dose-response relation
from the high-dose range where animal test data are most available to the low doses that
humans arc most likely to encounter. In the past it has been considered impractical, mostly
because of constraints on resources, to test more than a few hundred animals at a given dose
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level. Hence, the doses at which most tests have been conducted have been high enough to
produce positive responses in a test group of approximate^ 50 animals per dose; the
sensitivity of the test varies with the incidence of spontaneous tumors. Thus, although
current testing methodologies can establish the carcinogenicity 01 a chemical, they provide
no information on the nature of the dose-response curve at low doses. Wcinhouse (1977)
observed that the assessmeni of risk in humans requires extrapolation of animal data
obtained at high doses to a human population approximately 10* times larger with exposure
levels likely to be approximately 104 times lower and with a life-span 30 times longer.

It has been a major goal of the National Center for Toxicological Research (NCTR) to
develop improved methodologies and test protocols that will facilitate the extrapolation of
toxicological data from laboratory animals to humans (Fishbcin, 1976). This review is
intended to highlight the salient features of a recently completed NCTR large-scale complex
chronic low-dose response (ED01) study. A major objective of this study was to establish a
quantitative experimental base for evaluating excessive carcinogenic risk produced by a
chemical in variously exposed populations. Integral to this objective was the determination
of the mathematical characteristics of the low dose-response curves for tumor incidence and
the time to tumors in terms of time, dosage, rate, and total dose.

These considerations should help clarify the possibilities of extrapolating from high to
low dosages and hence facilitate an approximate determination of the populations at risk
from exposure data. A vital requirement of the study was the use of sufficient numbers of
animals to permit an accurate mathematical description of the nature of the curve at low
dosages (e.g., down to a 1% prevalence of bladder tumors). The major aspects of this study
were described at the NCTR Symposium on Innovations in Cancer Risk Assessment,
Washington, D.C, June 1979 (Cairns, 1979; Farmer et al., 1979; Frith et al., 1979a, 1979b,
1979c; Gaylor, 1979; Greenman, 1979; Henry and Johnson, 1979; Kodell and Nelson, 1979;
Kodell ct al., 1979; Littlefield et al., 1979; Sheldon and Greenman, 1979).

DESIGN AND LOGISTICS

The ED01 study employed approximately 24,000 BALB/c female mice, which were fed
2-acctylaminofluorene (2-AAF) in 81 different treatment groups. The mice were randomly
assigned to the dose groups, housed 4 per cage under specific pathogen-free/defined flora
(SPF/DF) barrier conditions, and fed the carcinogen ad libitum in the diet at various
concentrations from weaning until they were sacrificed, became moribund, or died.

Part of the study included serial sacrifices to investigate the progression of tumori-
gcncsis. Another part of the study was devoted to lifetime exposure to 2-AAF to study time
to tumor and life shortening, and a third part included removal of the carcinogen from the
diet to study the initiating and promoting effects of 2-AAF. Sufficient animals were used in
the treatment groups to provide adequate statistical precision. This was the largest single
study ever conducted with a chemical carcinogen.

A large complex chronic study of this scope required the development of an adequate
supply of suitable animals, carefully controlled diets and environment, long-term animal care,
automatic data collection systems, verification and timely retrieval of data, and high-quality
pathology on a large scale. Controls on chemicals and microbiological contamination of the
feed were maintained by constant surveillance. Proper animal care was provided daily; animal
feeders, water bottles, bedding, and cages were changed weekly. Environmental conditions of
the animal rooms were maintained throughout the study (Gaylor, 1979).

The automated data system support for the ED01 study was of necessity quite
extensive. It was found that most of the data to be generated could be directly associated
with the specific test animal to which the data were related and could be simplified into
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three major systems: (1) breeding information system (BIS) (Holland et al., 1978), (2)
experiment information svstcm (EIS) (Lawrence ct al., 1978), and (3) postcxperiment
information system (Herrick et al., 1979) incorporating the pathology data collection system
(Frith et al., 1976). The support of the study (from protocol approval through final report
generation) by these systems produced the largest volume of research data of this type ever
collected (Henry and Johnson, 1979; Taylor and Johnson, 1979).

We are becoming increasingly aware that impurities or manufacturing by-products
present in exceedingly small concentrations can exert profound toxic effects that may be
associated with a test substance [e.g., 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in
(2,4,5-trichlorophenoxy)acetic acid (2,4,5-T); chlorinated dibenzofurans in polychlorinated
biphenyls (PCBs)). Hence, a comprehensive chemical surveillance and quality assurance
program (Oiler et al., 1979) to augment the ED01 study included initially determining the
purity of 2-AAF; identifying any trace contaminants; and evaluating the homogeneity,
stability, and dosages of the agent in the commercial diet (approximately 250 batches of
laboratory animal chow per month).

Other elements of the program included testing for the presence of deleterious
concentrations of specific chemical and elemental contaminants in the animal feed (each
3-ton lot), water, hardwood chip bedding, and cardboard feeder boxes. This was done for
various chlorinated and organophosphorus pesticides, PCBs, and pentachlorophenot to ensure
that concentrations were within program guidelines. In addition, the feed and water were
analyzed for toxic metals such as Cd, Pb, Hg, As, and Se, and the feed was analyzed for fat,
protein, vitamins A and B, Cu and Zn, aflatoxin contamination, and estrogcnic activity.
Table 1 shows analytical results for lots of feed assayed for selected constituents over a 5-yr

TABLE 1. Results from 148 Lots of Purina Autoclavable Rodent Laboratory Chow
Analyzed Prior to Autoclaving

Parameter

Aflatoxin B,, B,, G,, G,,ppb
Lindane, ppb
Heptachlor, ppb
Malathion, ppm
DOT (total), ppb
PCS, ppb
Dieldrin, ppb
Cadmium, ppb
Arsenic, ppm
Lead, ppm
Mercury, ppb
Selenium, ppm
Calcium, %
Copper, ppm
Zinc, ppm
Vitamin A, 101 U/g
Vitamin B,, mg/g
Estrogenic activity , ppb
Total protein, g/lOOg
Total fat, g/ 100 g

aNA, not applicable.
Oiethylstilbestrol equivalent.

Min.

_
_
_
_

_

_

0.5
0.75
8

75
15
0.075

21.0
4.3

Max.

5
i An1OO
20
5

100
50
20

250
1.0
1.5

200
0.65

75
0.125
5

28.0
6.7

Mean

5
1.67
1.07
0.33

27.7
8.7
2.4

87.3
0.31
0.47
0.024
0.34
1.16

15.0
108.2
41.6
9.1
5

24.2
5.54

SD

NA"
3.6
2.2
0.52

48.4
15.1
4.6

33.2
0.18
0.38
0.018
0.15
0.18
2.8
9.7

36.9
1.25
NA

2.4
0.58
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TABLE 2. Approximate Dili Volumes

Test animals 24,192
Study duration 43 mo
Animal weights 1.98 million
Animal observations 2.16 million
Tissues examined (histology) 830,000

period (Oiler et al., 1979). The variability of nutrient concentrations is much less than of
pesticides or heavy metals (the latter levels may be dependent on geographic and seasonal
variations attendant on grain procurement).

Room air, wastewatcr (from autoclaving, cage washings, etc.), and environmental
surfaces were monitored at 3-mo intervals. Urine specimens from individuals potentially
exposed to the test compound were monitored. The analytical procedures used in personnel
and environmental surveillance were reported by Bowman and King (1974) and Bowman et
al. (1976), respectively.

A comprehensive surveillance program was also conducted to provide as much informa-
tion as possible on the microbiological condition of the test animals and their environment
throughout the course of the study (Tortorich et al., 1979). The main objective of this program
was to ensure the detection of specified microorganisms, primarily pathogenic bacteria, fungi,
parasites, and viruses, which could adversely affect the study. The microbiological program
consisted of frequent and repetitive analyses of samples from animal and nonanimal sources
in the breeder and test facilities. The following were examined: (1) SPF/DF experimental
mice; (2) animal diets (for total count of Salmonella, Bacillus subt/fa, and B. stearo-
thcrphalis); (3) drinking water (total bacterial count and Pseudomonas aeruginosa); (4)
environmental air samples, bedding (total bacterial, mold, coliform counts, pathogenic fungi,
Sulmnnclla species), cages and accessories (bacterial and mold contamination); (5) support
equipment such as carts, trays, balances, computer terminals, and closed-circuit TV com-
ponents (bacteria and mold); (6) clothing (specific bacterial pathogens); (7) walls and floors
(approximately every 3 mo for bacterial and mold contamination); and (8) personnel
juihoriicd for entrance into the controlled areas (semiannually for viral, bacterial, and fungal
contamination) (Tortorich, 1979).

From these considerations, the logistical problem encompassed five major categories: (1)
r.iw materials, (2) scheduling, (3) study initiation, (4) study maintenance, and (5) data
col Ice i ion and utilization. The scope of this undertaking could be gleaned from two
considerations: approximate data volumes (Table 2) and diet preparation (Table 3) (Henry and
Johnson, 1979).

TABLE 3. Diet Preparation

Year

1974"
1975
1976
19776

Total

Feed mixed
(tons)

16.9
46.6
24.1

2.4
90

Batches

770
2123
1099
111

4103

Six-picks
of feed

17.707
48,820
25,279

2,545
94,351

Figures from April 29, 1974.
"Figures through April 4, 1977.

LARGE-SCALE CARCIN

Before the initiatio
250, and 500 ppm 2
commercial source to
dose-response curve (Ca
mo was high at 250 an
where 28% of the anim
the slope of the dosc-
30-100 ppm was sclcctt
to 50% (Table 4). It v.
feeder and BALB/c fern
at 18 mo. This strain o
long-lived.

It took 9 mo to all
mice were derived frorr
BALB/c mice. Exposure
Littlefield et al., 1979).

The experimental c
allocated to various trea
2-AAF plus a control.

TABLE 5. Experimental DCS

2-AAF
(ppm)

150
100
75
60
45
35
30
0

9

144"
144
144
288

144

12

144
144
144
28S

144

These numbers refer to-the
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TABLE 4. Estimated Bladder Tumor
Prevalence with 2-AAF in Feed from
Pilot Study

2-AAF in feed
(ppm)

150
100
75
60
45
35
30

Bladder tumor
prevalence

(ED%)

50
28
16
10

4
2
1

Before the initiation of the large-scale ED01 study, a pilot study with dosages of 100,
250, and 500 ppm 2-AAF was conducted with BALB/c female mice obtained from a
commerciai source to establish dosages for the large-scale study at the low end of the
dose-response curve (Cairns, 1979; Littlefield et al., 1979). Bladder tumor prevalence at 18
mo was high at 250 and 500 ppm; the most precise data point was obtained at 100 ppm,
where 28% of the animals had bladder tumors at 28 mo. Since it was difficult to establish
the slope of the dose-response curve because of the high dosages used, a dose range of
30-100 ppm was selected for the large-scale study to span the range of tumor rates from 1
to 50% (Table 4). It was also determined that under barrier conditions with an enclosed
feeder and BALB/c female mice bred at NCTR, the bladder tumor rate was only about 4%
at 18 mo. This strain of mouse also has a relatively low background tumor incidence and is
long-lived.

It took 9 mo to allocate the 24,192 mice to 6 SPF/DF barrier rooms (replications). The
mice were derived from the breeding colony at NCTR from a Charles River substrain of
BALB/c mice. Exposure to 2-AAF began after weaning at 3-4 wk of age (Cairns, 1979;
Littlefield et al., 1979).

The experimental design is shown in Table 5, which gives the numbers of animals
allocated to various treatment groups. There are 7 dose levels ranging from 30 to 150 ppm
2-AAF plus a control. The lowest and highest doses are separated by only a factor of 5,

TABLE 5. Experimenul Design of 2-AAF ED01 Study: Serial Sacrifice

2-AAF
(ppm)

150
100
75
60
45
35
30
0

Time (mo)

9

144°
144
144
288

144

12

144
144
144
288

144

14

120
120
120
240

120

15

96
96
96
192

96

16

96
96
192
288
288

192

17

72
72
144
216
288
432

144

18

144
144
288
288
432
864
1728
432

14

336
336
600
792
864
1296
1728
744

Life

144
144
288
288
432
864
1728
432

"These numbers refer to the number of animals assigned to a specific test froup.
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which gives a very compact experimental design. The number of test animals is significantly
larger at the lower dosages, where effects are more difficult to detect. There arc 8 sacrifice
inicrvals commencing at 9 mo and ending at 24 mo. Most of the sacrifices arc hciwecn 12
and 18 mo, where the pilot study showed a rapid increase in tumor incidence. Although the
sludv was originally designed to terminate at 18 mo, it was noted that approximately 90%
ol the animals in the study were alive at the 18-mo sacrifice since the lower doses were not
producing ncoplastic growths at this time. It was thus decided to reschedule sacrifices in
three of the six replications to 24 mo. Since the death rates were low, a large number of
mice were available for this transfer. This 24-mo sacrifice was incorporated into the design
after the study had progressed to the 18-mo sacrifice in two of the replications. The design
also contained a group of animals allocated to a life-span study, which were to remain in the
study until they were dead or moribund; an additional sacrifice interval occurred when this
group was terminated at 33 mo.

Table 6 represents a subgroup designated as a serial treatment group. Mice at the four
highest dose levels (60, 75, 100, and 150 ppm) were treated for 9, 12, or 15 mo, then
sacrificed at 18 or 24 mo. A key objective of this part of the design was to examine the
regression or progression of the tumors after the administration of 2-AAF was stopped. All
other conditions were the same as in the rest of the study.

RESULTS AND DISCUSSION

The results consist primarily of data on the incidence of primary hcpatoccllular
carcinomas (liver neoplasms) and transitional cell carcinomas (bladder neoplasms) of the
urinary bladder (Frith, 1979a, 1979b; Littleficld et al., 1979).

Figure 1 shows the occurrence of bladder neoplasms in sacrificed animals plotted against
time in months. Neoplasms occurred at the 60, 75, 100, and 150 ppm doses. The incidence
of tumors at 150 ppm was low at 9 mo, but increased rapidly between 12 and 18 mo; at
100, 75, and 60 ppm, the growth and induction of bladder neoplasms were much lower and
later in time. Figure 2 shows the same data as Fig. 1, but plotted against dose, for the 18,
24, and 33 mo sacrifices. The apparent effect of extending the sacrifices beyond 18 mo is
evidenced by the displacement of the curve. Although there are substantial differences in the
response at the 100 and 150 ppm dose levels at the 24 mo sacrifice, changes in bladder
tumor incidence at 75 and 60 ppm were not apparent until the 33 mo sacrifice. Data plotted
in this manner suggest a possible minimal effect at 45 ppm.

Figure 3 shows the occurrence of liver neoplasms in sacrificed animals plotted against
time. The data show a striking dose-response effect at all seven doses. In contrast to the
bladder neoplasms, the liver neoplasms appear very late in the life-span of the test animals.
The additional data derived by extending the study to 24 mo are evident.

TABLE 6. Experimental Design of 2-AAF ED01 Study: Serial Treatment

Time of sacrifice (mo):

Time on 2-AAF (mo):

ISO ppm
100 ppm

75 ppm
60 ppm

18

15

72°
72

144
216

24

15

72
72

144
216

18

12

72
72

144
216

24

12

72
72

144
216

18

9

72
72

144
216

24

9

72
72

144
216

These numbers refer to the number of animals assigned to a specific test group.
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FIGURE 1. Prevalence of bladder neoplasms in sacrificed mice with respect to time on study.

Figure 4 shows the same data as Fig. 3, but plotted against dose, using the 18, 24, and
33 mo sacrifices. In contrast to the bladder neoplasm data, there does not appear to be any
minimal effect level in any sacrifice group. The data are nearly linear and appear to
extrapolate directly to zero in the 18, 24, and 33 mo groups.

The effects on bladder neoplasms of discontinuing 2-AAF after 9, 12, and 15 mo are
shown in Figs. 5, 6, and 7, respectively. For example, Fig. 5 shows that after 9 mo on
2-AAF at 150 ppm, although the induction of bladder neoplasms continued to increase to
18 and 24 mo, the rate was much lower than if the treatment was continued to the sacrifice
times. This suggests that bladder tumorigenesis is not complete after 9 mo on 150 ppm
2-AAF. It should also be noted that an increase in bladder neoplasm incidence was not
apparent among mice fed 2-AAF for 9 mo at levels of 100 ppm or less. Hence, it is
SJggested that the detection of bladder neoplasms could well be missed with short exposures
at low dosage levels.

FIGURE 2. Prevalence of bladder neoplasms in sacrificed mice with respect to dose.
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FIGURE 3. Prevalence of liver neoplasms in sacrificed mice with respect to time on study.
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FIGURE 5. Prevalence of bladder neoplasms in mice fed 2-AAF for 9 mo and sacrificed at 18 and 24 mo.
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SOppm

FIGURE 6. Prevalence of bladder neoplasms in mice fed 2-AAF for 12 mo and sacrificed at 18 and 24 mo.

Figure 6 depicts essentially the same response as Fig. 5—that is, bladder tumorigenesis
occurred in animals exposed for 12 mo to 150 ppm 2-AAF, but at a much lower rate than
in animals that were treated until the 18 and 24 mo sacrifices.

As shown in Fig. 7, animals that were treated for 15 mo and sacrificed at 18 and 24 mo
showed no change in percent response during the 3 sampling periods, suggesting that no
further bladder tumorigenesis occurred after treatment was discontinued.

The effects of discontinuing 2-AAF in the feed (after 9, 12, and 15 mo) on the
development of liver neoplasms are depicted in Figs, 8, 9, and 10. For example, as shown in
Fig. 8, after 9 mo on 2-AAF, tumor incidence continued to increase with time for all dose
levels (60, 75, 100, and 150 ppm). The rates of increase are, in most cases, only slightly to
moderately lower than in the animals that were treated for the entire 18 or 24 mo. This
would appear to indicate that the induction of liver neoplasms is nearly complete after 9 mo
of exposure to 2-AAF. The data for mice fed 2-AAF for 12 and 15 mo and sacrificed at 18
and 24 mo (Figs. 9 and 10, respectively) show essentially the same results.

ificed at 18 and 24 mo.

34

FIGURE 7. Prevalence of bladder neoplasms in mice fed 2-AAF for IS mo and sacrificed at 18 and 24 mo.
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FIGURE 8. Prevalence of liver neoplasms in mice fed 2-AAF for 15 mo and sacrificed at 18 and 24 mo.

A comparison of the development of liver and bladder neoplasms is striking. Bladder
neoplasms develop much sooner than liver neoplasms but require the presence of 2-AAF if
the incidence is to increase. Liver neoplasms, in contrast, becoming apparent much later in
the life-span of the mice, but do not require the continued presence of 2-AAF beyond 9 mo
for the incidence to continue to increase at nearly the same rate.

Dose- and time-response models for the incidence of bladder and liver neoplasms found
in the ED01 study have been reported by Farmer et al. (1979). The modeling of the
experimental data was done in three steps for each of these neoplastic end points. A
dose-response model was first attempted for each time interval, then a time-response model
for each dose level, and finally a model that would relate the incidence to both dose and
time. Since there was a low incidence of liver and bladder neoplasms at all but the highest
dose, there was no attempt to fit a dose-response model before 18 mo. Table 7 shows the
parameters of the model for the incidence of bladder and liver neoplasms at 18, 24, and 33
mo. Figure 11 illustrates a probit log dose model for bladder neoplasms; an estimate of the
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FIGURE 9. Prevalence of liver neoplasms in mice fed 2-AAF for 12 mo and sacrificed at 18 and 24 mo.
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FIGURE 10. Prevalence of liver neoplasms in mice fed 2-AAF for 15 mo and sacrificed at 18 and 24 mo.

common slope was 9.4. The steepness of the slope of these regression lines indicates that
2-AAF is a potent bladder carcinogen, and the relatively small difference between the
estimated ED50 values for 18 mo (149 ppm) to 33 mo (91 ppm) suggests that it is a
fast-acting carcinogen.

A probit log dose model for liver neoplasms is shown in Fig. 12. The regression lines fit
to the liver neoplasms at 18, 24, and 33 mo were also parallel. The slopes, however, were
shallow (the common slope was 1.86) and the estimated ED50 was reduced 8-fold from 674
ppm at 18 mo to 85 ppm at 33 mo. This indicates that the liver responded to 2-AAF late,
but once the neoplasms began they developed rapidly.

A probit log time model was used to describe the development of liver and bladder
neoplasms for a given dose level of 2-AAF in the second stage of modeling (Farmer et al.,
1979). Table 8 shows the parameters of the model for probit log time. The incidence of
bladder neoplasms at dose levels of less than 60 ppm 2-AAF was insufficient to fit the
model. Slopes ranged from 1.47 at 60 ppm to 6.80 at 150 ppm. Figure 13 illustrates the
probit log time model for bladder neoplasms.

TABLE 7. Probit Log Dose (ppm) Model on Incidence of
Bladder and Liver Neoplasms

Time (mo) Intercept Slope ED01 ED50

18
24
33

-15.08
-13.86
-17.89

Bladder

9.24
8.97

11.67

Liver

83
69.6
57.8

149.2
126.5
91.5

-•d at 18 and 24 mo.

18
24
33

-0.27
0.64
0.84

1.86
1.84
2.15

38.1
12.6
7.1

673.9
233.6

84.8
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60
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0
30
35
45
60
75

100
150

Bladder

0.65
-2.41
-5.01
-3.58

1.48
4.03
6.64
6.80

23.3
18.2
14.4
9.4

880.4
68.8
32.2
19.2

Liver

-3.84
-4.88
-5.40
-4.87
-4.22
—4.61
—«.23
-6.54

5.09
6.15
6.60
6.29
5.95
6.35
6.24
8.17

19.1
16.9
16.8
15.8
14.4
14.0
12.8
13.4

54.8
40.5
37.8
37.1
35.5
32.6
30.1
25.8
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FIGURE 13. Probit log time model for bladder
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Estimates of time to appearance of tumor and time to death after the appearance of
tumor from the interval sacrifice and survival information in the ED01 study were made by
Kodcll et al. (1979). This was done for five types of tumors—two dose-related (bladder and
liver neoplasms) and three non-dose-related (reticulum cell sarcoma, lymphoma, and lung
tumor)-at each of 8 dose levels of 2-AAF (0, 30, 35, 45, 60, 75, 100, and 150 ppm)
administered to a total of 20,880 mice.

The statistical method employed by Kodell et al. (1979) for the analysis of interval
sacrifice data to estimate time to appearance of tumor was developed by Kodell and Nelson
(1979). It consisted of estimating two independent Weibull probability distributions, one for
time to appearance and the other for time to death from tumors after their appearance. The
distributions were corrected for competing risks and hence represent net probabilities of
occurrence of the events of interest. Each distribution is characterized by a scale parameter
(b) and a shape parameter (c). For a given distribution with parameters b and c, the median
is calculated from:

m = 6{-log, 0.5)1/c

For bladder neoplasms, except at 100 and 150 ppm, the estimated median times to
tumor were well beyond the normal life-span of the animals. However, a very steep

60

Y(Probil) « -7.SS » 1 52 Lofl(Oot«) * 6.44 Log(Time)

10.000

FIGURE 16. The 50% response contour for liver neoplasms as related to log dose and log time.



1096(176) L. FISHBEIN

dose-response relation was demonstrated. Estimated times to lumor ranged from 20 mo at
150 ppm to 1877 mo at 0 ppm. It should be noted that the median time to death from a
bladder carcinoma after its appearance did not follow a dose-response pattern but was
approximately 7 mo regardless of dose.

Similarly, for liver neoplasms most of the estimated median times to tumor were near or
beyond the normal life-span of the animal. Although a definite dose-response relation was
observed, it was more gradual than that found for bladder neoplasms. Estimated median
times to tumor for liver neoplasms ranged from 25 mo at 150 ppm to 38 mo at 0 ppm. The
median time to death from a liver carcinoma following its appearance also indicated that
2-AAF did not stimulate the growth of liver neoplasms after they became observable. An
overall estimated median time to death following appearance of a liver neoplasm was 5-7 mo.

Reticulum cell sarcomas occurred on the average at 24 mo, while the median times to
occurrence of lymphomas and lung alveolar cell tumors were 41 and 43 mo, respectively,
regardless of dose level. The estimated median times to-death after appearance of these
non-dose-reUted tumors were: reticulum cell sarcoma, 3.0 mo; lymphoma, 2.7 mo; and lung
tumor, 3.3 mo.

Gaylor (1979) used linear extrapolation of the ED01 bladder and liver carcinoma data
to estimate risk. The dose response for liver was nearly linear, indicating absolutely no
tendency for a threshold dose. Linear extrapolation from the lowest experimental dose (30
ppm) predicts that the risk of liver tumors in BALB/c female mice fed 0.4 ppb 2-AAF for a
lifetime is less than 1 in 106. The corresponding dose corresponding to a lifetime risk of
bladder tumor of no more than 1 in 10* is 10 ppb. The risk at this level is expected to be
considerably less than 1 in 10', but because of the uncertainty in the extrapolation process,
a dose level of 10 ppb was suggested by Gaylor (1979) to be cautiously low. This is 3000
times lower than the lowest level (30 ppm) used in the study.

Gaylor (1979) also cautioned that although the steepness of the dose-response curves for
bladder tumors may suggest that a threshold exists, the compatibility of the data with a
threshold model does not constitute proof as nonthreshold models also fit the data.

Bladder tumors were apparent by 12 mo at 150 ppm, by 18 mo at 150 ppm, by 18 mo
at 100 ppm, and by 24 mo at 75 ppm. It should be noted that as time was extended,
bladder tumors appeared at lower doses with no indication of a threshold within the limits
of observation of the study. At the lowest dose studied, 30 ppm, 1.2% (29 of 2457) of the
dead or moribund animals had bladder tumors compared with 1.0% (8 of 783) of the
controls. The upper 95% confidence limit on the excess bladder rate at 30 ppm is 0.9% over
a lifetime. Gaylor (1979) concluded that even with these large sample sizes it could only be
established that the lifetime bladder tumor rate at 30 ppm was less than 9 per 1000, not the
practical equivalent of a threshold effect.

SUMMARY AND RECOMMENDATIONS

The salient features of the recently completed NCTR complex chronic study (ED01) are
as follows:

1. The study consisted of approximately 24,000 BALB/c female mice fed 2-AAF in 81
different treatment groups.

2. The study was designed to estimate with precision the effective dose producing a 1%
tumor rate (ED01) so that the shape of the dose-response curves could be studied with
about an order of magnitude better precision than is generally available from carcino-
genesis studies.
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3. The study required 9 mo to allocate 24,192 mice to 6 SPF/DF barrier rooms
(replications). The mice were derived from a Charles River substrain of BALB/c mice.
Exposure to 2-AAF was begun after weaning, at 3-4 wk of age.

4. Seven dose levels were employed (30, 35, 45, 60, 75, 100, and 150 ppm) plus a
control-an extremely compact design since the lowest and highest doses are separated
by only a factor of 5.

5. The experimental design included eight sacrifice intervals (9-24 mo) plus a lifetime
group. An additional subgroup involved serial treatment at 60, 75, 100, and 150 ppm
for 9, 12, or 15 mo, then sacrifice at 18 or 24 mo. The purpose of the latter was to
examine the regression or progression of the tumors after administration of the
carcinogen was stopped.

6. For animals tested at the highest dose level (150 ppm), liver tumors were observed in
5.8% of the animals sacrificed at 18 mo and in 39% at 24 mo. Had a typical number of
50 animals been used and the study terminated at 18 mo (not uncommon for safety
tests with mice), liver tumors would have gone undetected. Hence, the tumor end point
(mostly hepatocellular carcinomas) that posed the greatest risk at low doses would have
been overlooked. Even bladder tumors would not have been detected by 18 mo with 50
animals at the highest dose of 150 ppm, as the bladder tumor rate in animals fed 100
ppm for 18 mo was only 3.8%.

7. These results indicate the need to conduct safety tests in mice for at least 24 mo.
Spontaneous background rates of bladder and liver tumors did not increase sharply with
age. For types of tumors where the spontaneous background rate does rise sharply with
age, tumor rates can be studied in animals dying before the end of an experiment.

8. Discontinuing 2-AAF administration could result in failure to detect bladder tumors or
in a serious underestimate of the risk; hence the practice of discontinuing administration
of a chemical is not recommended as a planning part of a screening test. For example,
the incidence of bladder tumors began to approach zero when 2-AAF was removed from
the diet. The bladder tumor rate in animals fed 100 ppm 2-AAF for 12 mo and
sacrificed at 24 mo was 3.0%, whereas the rate for animals fed 2-AAF continuously for
24 mo was 15.6%.

9. As demonstrated in many studies, including this one, the best point from which to
extrapolate for risk assessment at extremely low exposure levels is generally near or
below the lowest experimental dose level where excess tumors can be detected. This
dose would depend on the background rate, number of animals used, and shape of the
dose-response curve. Since the shapes of dose-response curves in general are not known,
it is difficult to select an experimental dose level close to the optinum dose for risk
extrapolation. Hence, it would be prudent to conduct safety tests at several dose levels
in order to obtain at least one level near the optimum dose from which to extrapolate.
Because of the critical role of dosage in safety evaluation, it is recommended that several
dose levels be used even if fewer animals per dosage group are used. A recommendation
for risk assessment would be to consider several dose levels at the low end of the
dose-response curve, perhaps 5 dose levels differing by steps of no more than a factor of
2, plus controls, with 25 animals per group. For screening and risk assessment, the
recommendation would be 25 animals each at the maximum tolerated dose (MTD), 1/3
MTD, 1/9 MTD, 1/27 MTD, 1/81 MTD, and controls.

10. The ED01 study provides a large data base, relatively free of wide statistical fluctua-
tions, that can be used both for elaborating processes of carcinogenesis and for

. comparing strategies of risk assessment.
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Health risks associated
with land application
of municipal sludge
Herbert R. Pahren, James B. Lucas, James A. Ryan,
G. Kenneth Dotson
U. S. Environmental Protection Agency, Cincinnati, Ohio
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The disposal of municipal wastewater sludge
has increasingly become, and justifiably so, of
public concern. Sludges produced at mu-
nicipal wastewater treatment plants in the
U. S. amount to approximately 4.5 billion dry
kg/y.1 As the number of facilities converting
to secondary treatment increases, this figure is
expected to reach 8 billion dry kg annually by
the early 1980s. The current national break-
down of municipal wastewater sludge disposal
is estimated as 35% incineration, 15% ocean
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disposal, 25% landfill, and 25% land applica- also seems to be in need .of supplemental it »S'»R original data. The
tion. Incineration not only contributes to air
pollution, but is energy dependent. Because
the federal government has prohibited ocean
dumping of sludge after 1981, land application
is being considered by many as a feasible
alternative, which also allows reclamation of
otherwise lost plant nutrients.

With increasing amounts of sludge being
applied to land, there have been a number of
discussions regarding such practices,1- * includ-
ing questions concerning the potential for hu-
man health problems. In an attempt to answer
some of these questions, the authors have made
an assessment of some potential problems, with
emphasis on cadmium and parasites, and tried
to put the information into a rational per-
spective.

TRACE METALS
General. Cadmium seems to be the metal

of most concern to human health when apply-
ing municipal sludges to land. Exceptions
naturally occur in individual situations in
which an industry contributes an unusually
high quantity of a metal to a sewerage system.
An excellent overview of metal contaminants
in sludge was recently published.4
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;t organ for chronic health effects
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and studies of humans exposed industrially for
long period to cadmium indicate that a concen-
tration of 200 jig cadmium/g wet weight in the
kidnev cortex may cause the appearance of
tubular dysfunction.•• ' Renal damage from
cadmium results in an abundance of low-
molecular-weight serum proteins, especially
Bj-microglobulin." in the urine. Continued
exposure beyond the threshold for r-oteinuria
results in proportionally greater B.-i;.icroglob-
ulin excretion. Whether the earliest effects on
the kidney are reversible when exposure de-
creases is not yet known. The clinical sig-
nificance of minimal renal tubular damage is
also unknown.

Level in kidneys. To determine the renal
cadmium level that is necessary for the onset of
disease, tissue samples have been obtained at
autopsy and analyzed. Cadmium tends to in-
crease in the kidney from birth to approxi-
mately age 50, and then decrease •; thus, age
is important. One of the early studies of
metals in tissues was carried out by Tipton
and Cook.0 who obtained tissues from normal
adult accident victims in various parts of the
U. S. Values were reported as ash weight and
have been converted to a wet weight basis
using original data. The median kidney con-
centration of cadmium was 32 /ig/g wet
weight, with 90% of the values less than 56

'K and the highest value 88 pg/g.
Indr.iprasit et a/.10 examined kidney cortex

spcc-iinens from normal subjects from the Los
Auceles area along with subjects having acute
or chronic renal failure. The age range was
31 to 80. Based on the data, normal tissue
had a mean cadmium of 22 ,»g/g wet weight

.white the concentration in subjects with renal
failure was approximately 15% lower. There
was no evidence of trace-element-induced kid-
ney disease.

The effect of age was clearly demonstrated
by Cross rf a/.," who showed that kidney cor-
tex cadmium leveb rose from less than 1 ^g/g
wot weight at birth to a peak of 39 ^g/g at
ace .50 and then decreased. The highest value
found was 101 Mg/g in a plumber, who un-
doubtedly was occupationally exposed to cad-
mium-containing fumes from solder.

A study of trace metals in tissues, recently
completed by the Southwest Research Insti-
tute.1- was carried out in cooperation with
revenrch institutes in Japan and Sweden. The
inran kidney cortex cadmium value for the 40

.to i9 ane group was 26 Mg/g wet weight. The
Inchest value encountered was 109 Mg/g and
the next highest, 59 /. Smokers had a cad-

mium level 50<"J higher than nonsmokers. This
is consistent with calculations that show smok-
ing a pack of cigarettes a day for 35 years
results in 30^ higher renal cortex levels com-
pared with nonsmokers.*

Hammer et a/.13 in a North Carolina study
of males age 40 to 79 reported the cadmium
in the kidney cortex to average 18 /ig/g wet
weight for nonsmokers, 30 jig/g for those smok-
ing less than one-half pack of cigarettes daily,
and 39 jig/g: for those smoking more than one-
half pack daily. They calculated the total
body burden to be 17.8 mg cadmium for non-
smokers and 37:8 mg for heavy smokers.

Daily cadmium intake. Data published by
the Food and Drug Administration (FDA),14

based on market basket surveys over 7 years,
show that the average cadmium intake, in-
cluding that found in water, of 15- to 20-year-
old males is 39 /ig/d. If this figure is adjusted
by the recommended daily calorie intake for
various age groups,15 the average daily cad-
mium intake from birth to age 50 would be
33 /«g/d for men and 26 fig/A for women.
These figures are consistent with intake data
calculated by measuring cadmium in feces and
adjusting for cadmium absorption. Such
cadmium intake calculations range from 13 to
39 Mg/d.15-lf- "

Drinking water contributes relatively little
of the daily intake. A survey of 969 com-
munity water supply systems showed the aver-
age cadmium concentration to be 1.3 /ig/1.11-lt

This source results in an average of 3 pg/d.
Ambient air is not a significant source of

cadmium exposure for the vast majority of
the U. S. population. Less than 0.2 pg/d may
be expected by this route. Although persons
living in the vicinity of a metal smelter may
be at a slightly increased risk, controls being
placed on emissions are expected to hold in-
take by way of the respiratory route for this
group to less than 1 ^g/d.10':i

Approximately 100 000 persons in the work
force are potentially exposed to cadmium.7
The spectrum of occupational exposure varies
from the negligible to situations that may pro-
duce acute or chronic toxicity. The authors'
appraisal is not intended to apply to this group.
Efforts are being made by those involved with
occupational health to reduce the exposure to
a minimum and eliminate adverse health
effects.

All data agree that 0.1 to 0.2 /ig of cadmium
are inhaled for each cigarette smoked.* Thus,
smoking 20 cigarettes per day will result in the
inhalation of about 3 ^g.
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Although total intake by way of the respira-
tory route is far less than intake by way of the
gastrointestinal route, the bodv absorption from
the former is far greater. Elinder ci al.-- cal-
culated respiratory absorption to be 46^ of the
cadmium inhaled. Limited data from humans
indicate gastrointestinal absorption of cadmium
to be about 4 to 5^. Similar data for rats and
mice indicate a cadmium absorption of 2%.
with 50 to 4(XK; higher values if the animals
had a calcium deficient diet.*- :J

Excretion. Urine is considered the major
route for body burden related cadmium excre-
tion/' In the U. S., the urinary cadmium ex-
cretion is 0.5 to 2 /*g/l.e- " Based on these
data, the excretion rate of cadmium may be _
calculated to be 0.005 to 0.012% of the total
body burden.

Comparison triffc intake limits. The simpli-
fied metabolic model outlined by Friberg et
al." predicts that a total daily cadmium inges-
tion of 250 to 400 ug/d over 50 years will
result in the critical kidney level of 200 jig/g
wet weight in nonsmokers. Smokers would
reach the critical level with proportionately
less intake by ingestion. Kjellstrom and Nord-
berg ;* developed a more elaborate model in
order to overcome some of the uncertainties
associated with the earlier version. Using
this model they conclude that the average renal
cortex concentration would reach 200 jig'g at
an average daily cadmium intake through food
of 440 ^g for a European-American population.

There are no official limitations in the U. S.
for cadmium in food. Comparisons can be
made, however, to recommendations address-
ing the cadmium issue.

The Joint Food and Agriculture Organiza-
tion AVorld Health Organization (FAO/WHO)
Expert Committee on Food Additives has pro-
posed a provisional tolerable weekly intake of
400 to 500 /ig of cadmium." This is based
on an intake of 1 /igAg body weight per day.
In the U. S. for a 70 kg "Standard Man," this
would result in a daily intake of 70 ^g. The
committee indicated that with this intake
limitation, it is unlikely that the level of cad-
mium in the renal cortex will exceed 50 /*g/g
wet weight, a safety factor of four. The
simplified metabolic model was apparently
used in their calculations.14

For purposes of calculating the amount of
cadmium passing through the food chain, a
figure of 110 fig cadmium/d as a maximum
safe intake from foods is reasonable. It is
based on one-fourth the amount calculated by
Kjellstrom and Nordberg," with their more

sophistic.ated metabolic model, as being (Ik
level at which protemuria is initiated. Th.
authors do not intend that the cadmium le\f
be allowed to increase to 110 Mp d. an ap
proximate 3- to 4-fold increase over existin;
levels, but believe it is a reasonable fiuure fron
which to calculate theoretical cropland loading

The Occupational Safety and Health Ad
ministration recently proposed, on the recom.
mendation of (he National Institute for Occu
pational Safety and Health.1 a time-weightec
average limit for work place air of 40 /ig tota
Cd-m\ One of the principal studies consid
ered in recommending this limit was that of
Lauwerys ct al." They found reduced pu]
monary function and proteinuria in workers
all of whom happened to be smokers, exposed
to total cadmium at concentrations of 66 ^g
m3 for up to 40 years. Respirable cadmium
was measured at 21 /ig/m1. Stokinger and
Woodward ;: outlined how threshold limit v.i|.
ues of a substance in air may be used to arrive
at approximate limiting concentrations for in-
gestion. Assuming Lauwreys' respirable con-
centration is the threshold cadmium limit. ai:d
considering the differences in absorption avd
exposure time.

Mg
— ij

10 m1 5 d work week
~~1 ——— X —— r""; ———— ; ——day / d week
0.46 lung absorption

0.045 intestine absorption 1530

A safety factor of 10 to protect the gene; il
population would result in a maximum p< :•
missible ingestion of 150 pg/d. A larf. >i
safety factor than that used by FAO/WHO L<
justified because we are starting with inha" <-
tion data. Notwithstanding the obvious pro ••
lems associated with different routes of ca :•
mium intake, it is interesting that results a t
the same order of magnitude.

Cadmium in food classes. As part of ; ;
market basket survey, the Food and Drug A -
ministration (FDA) determines the cadmiu i
levels of composite samples in each of 12 foe 1
classes. The 117 food items included in tl ;
survey were determined by using the 19f 5
data of the U. S. Department of Agricultu. t
for 15- to 20-year-old males. The latest pu' •
lished results, for 1974, are shown in Tab •
I." In a correlative 1974 study, the FD V
determined the cadmium content of 71 san •
pies of 32 foods. When the median value ft t
each type of food was used to calculate th«
dietary intake of the teenage male, the cac-
mium intake was found to be 33 /ig/d.

TABLE I. Cadmium ir

Dairy pro
Meat, fish
('•rain anc
Potatoes
Leafy vep
Legume \
Koot vept
Garden ir
Fruits
Oils, fats.
Sugars an
Beverages

Total

• Trace values assumed 3
fc (.'.ilculated from concer

\\'hen the arithmetic
calculations, the d
72 pp.. The FDA cdwrfu
sensitivity for cadmium
in the total diet approac
basket samples more
median food concentrati
irequenl but more hie
dividual samples that
mean upward."

When municipal slud
cultural lands, only cer
ns grains, forage grasse
likely to have increased c
grown on these lands. C
us dairy products or bevi
erally show increased mt
of sludge application t
siders the theoretical sir-
containing cadmium is .
lands in such a way t
class possible won" 'ie
foodstuff concentra.^.i ;
each class. A multiph
determined to bring the
110 ,ig. The calculate
Table I, is

110- 4.0- 4.0 -
36 - 4.0 - 4.0 -

Intake for the four food i
impacted by sludge sho
The meat class should
cause cadmium does n<
with the exception of •
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FIGURE 1. Relationship of cadmium uptake
in Swiss chard to cadmium in soil.

ment. To understand the system, each of
these processes and their interactions must be
understood.

It is apparent that a number of variables can
be the controlling factor for a given situation.
In general, however, it appears that soil solu-
tion concentration of the micronutrients is the
major limiting factor in plant uptake."'*°

It has generally been assumed that the total
amount of an element in a soil is directly re-
lated to the amount in the soil solution. There-
fore, there has been a desire to limit the total
amount of metal added. However, it has been
demonstrated that the form of metal added
(for example, valence, organic versus inorganic)
affects this relationship because of the slow
rates of precipitation and dissolution that dic-
tate that both kinetic and thermodynamic fac-
tors are important."- " This has been further
verified by the data of Bates,'4 Hinesly.*5 and
the C.A.S.T. report4 that indicate that for
repeated annual applications of sludge or in-
organic metals to soil cropped to corn, the
amounts applied in a given year influence the
cadmium content in the crop to a far greater
extent than the total cumulative amounts of
cadmium applied. This implies that the an-
nual loading rate is more important than the

total amount of cadmium applied and that &
cadmium applied by previous applications ,
less available to plants. However, when ca<j
mium application stops, the formerly applie,
cadmium remains available for extended p?,
iods of time, which indicates that total soi
cadmium is also important.30- "

Presently, there is no satisfactory explanatio,
consistent with the observations on the additiv
ity (crop cadmium is a linear function of cad
mium applied when the different rates ai(
applied at one time) or lack of additivity (croj
cadmium is not a linear function of addet
cadmium when the cadmium is applied ov«
time) of cadmium application. This contro
yersy causes a dilemma in that if cadmiuo
applications are additive, the total amount o
cadmium applied is of critical importance
whereas, if cadmium applications from year ti
year are not additive, the annual application
rate is of critical importance. This reduces t
two opposing application systems in that ;
limit on total cadmium encourages applicant*
to all available land, whereas an annual ap] li
cation limit encourages application to the sa.n
land for extended periods of time.

The conservative approach would be to sijj
application of cadmium to soil because a <.e
pendence on either the total or annual load.ij
rate could be wrong. However, because of ( K
immediacy of the issue, the realization t< a
some of the questions will be answered in li
near future, and that in the interim eiti <
approach would be acceptable, it would app» a
logical to apply limits on either or both.

In Table II, where it is assumed that 1 i(
fig cadmium/d is acceptable, the concentrati x
of cadmium allowable in the various fcx
classes is calculated. This calculation assun f
all food consumed is grown on land amend *
by sludge containing cadmium.

With this in mind, the relationships betwe i
annual loading rates of cadmium and cr n
concentration have been constructed for Sw i
chard (leafy vegetable) at two pHs.' The i *
of Swiss chard will represent the worst c; *
because it is a maximum accumulator crop a c
shows the most response to a given level r
cadmium. These data are for one soil a- (
thus have limitations, but do illustrate how t ><
data on crop uptake and acceptable conce i
trations in crops can be used.

Assuming that the food class distributii i
given represents the diet of concern, the co i
centrution of cadmium allowed in leafy- veg:
tables is 161 ppb (wet weight), which is 2(
ppm dry weight assuming 92^- moistut?

I 'mlrr pin" management
ppm li-v<-l of cadmium n
. ii.inl witli 0.1 ppm cadn
. l-icnrt- 1). This is 0.2 k
iii.iM.ierinrnt (neutral pH)
nl cadmium is reached in
O..r»0 ppm (1 kg/ha) cadr
i Kicurc 1 )•

If one assumes that cadi
in crops is related to yearh
lion, this means that these
(.illinium could be appliec
(In- work at the University
pr.ir\ that the discrepancy t
Mi.il loading of cadmium }
»r.irv l>ut where the rel:
l.it.il and annual amounts c
pn-dic-ted yet. If this ann
used until (lie relationship
annual application of cadm:
defined, there is a 5-year J
amount of cadmium app
recommended for soils with
capacity of 0 to 5 meq/lOC

The acceptable concentr
in a sludge for a given nr
l)c calculated. The calcula
total nitrogen and 1.6% ar
the sludge, and 225 kg av.
are to lie applied (rates f.
arc double the rate that we
vegetable production). Ao
on sludge nitrogen, 50Tr
nitrogen is lost by volatil
application and 20^ of th
is available the first year.

(0.016 X 0.5) + (0.026 X <

= o.c

i;

Using the good managemen
annual cadmium applicati
concentration of cadmium t
mitted in municipal sludge
ing leafy vegetables is 60 p
the cadmium of the sludge i
under good management, i
to land at essentially maxinu
of nitrogen and produce ac
contents in vegetables. Ac
quire sludge with less than
under the same nitrogen lo

Good management (neut
emphasized. Data indicate
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FIGURE 1. Relationship of cadmium uptake
in Swiss chard to cadmium in soil.

ment. To understand the system, each of
these processes and their interactions must be
understood.

It is apparent that a number of variables can
be the controlling factor for a given situation.
In general, however, it appears that soil solu-
tion concentration of the micronutrients is the
major limiting factor in plant uptake."- *•

It has generally been assumed that the total
amount of an element in a soil is directly re-
lated to the amount in the soil solution. There-
fore, there has been a desire to limit the total
amount of metal added. However, it has been
demonstrated that the form of metal added
(for example, valence, organic versus inorganic)
affects this relationship because of the slow
rates of precipitation and dissolution that dic-
tate that both kinetic and thermodynamic fac-
tors are important.11- " This has been further
verified by the data of Bates," Hinesly," and
the C.A.S.T. report* that indicate that for
repeated annual applications of sludge or in-
organic metals to soil cropped to corn, the
amounts applied in a given year influence the
cadmium content in the crop to a far greater
extent than the total cumulative amounts of
cadmium applied. This implies that the an-
nual loading rate is more important than the

total amount of cadmium applied and that tH
cadmium applied by previous applications 1
less available to plants. However, when cad
mium application stops, the formerly applie,
cadmium remains available for extended pt,
iods of time, which indicates that total soi
cadmium is also important.50- "

Presently, there is no satisfactory explanatioi
consistent with the observations on the additiv
ity (crop cadmium is a linear function of cad
mium applied when the different rates an
applied at one time) or lack of additivity (croj
cadmium is not a linear function of adde*
cadmium when the cadmium is applied ovc
time) of cadmium application. This contro
yersy causes a dilemma in that if cadmium
applications are additive, the total amount o
cadmium applied is of critical importance
whereas, if cadmium applications from year ti
year are not additive, the annual applicatia
rate is of critical importance. This reduces fa
two opposing application systems in that ,
Lmit on total cadmium encourages applicatia
to all available land, whereas an annual api li
cation limit encourages application to the sa.in
land for extended periods of time.

The conservative approach would be to siaj
application of cadmium to soil because a c.e
pendence on either the total or annual load: i|
rate could be wrong. However, because of 1 in
immediacy of the issue, the realization t> a
some of the questions will be answered in 1*
near future, and that in the interim eiti e
approach would be acceptable, it would app< a
logical to apply limits on either or both.

In Table II, where it is assumed that 1II
fig cadmium/d is acceptable, the concentrati«
of cadmium allowable in the various fc x
classes is calculated. This calculation assun t
all food consumed is grown on land amend *
by sludge containing cadmium.

With this in mind, the relationships betwe t
annual loading rates of cadmium and cr ij
concentration have been constructed for S\v i
chard (leafy vegetable) at two pHs.' The i a
of Swiss chard will represent the worst c; «
because it is a maximum accumulator crop a t
shows the most response to a given level t
cadmium. These data are for one soil a- <
thus have limitations, but do illustrate how t .<
data on crop uptake and acceptable conce i
trations in crops can be used.

Assuming that the food class distributii i
given represents the diet of concern, the co i
centration of cadmium allowed in leafy veg:
tables is 161 ppb iwet weight), which is 2(
ppm dry weight assuming 92^c moistui:

I'mlrr poor manapcment
ppm level of cadmium is
, ii.inl with 0.1 ppm cadrr
i l - ici in- I). This is 0.2 k
iiMiiacrinrnt (neutral pH).
nl cadmium is reached in
O..ri0 ppm (1 kp/ha) cadn
i Ficiiri- 1).

]f one assumes that cadi
in crops is related to yearh
tutu, this means that these
i.ulmmm could be appliec
tin- work at the University
pr.irs that the discrepancy \
intal loading of cadmium 1
xr.irs. Imt where the rel
total and annual amounts i
prrdii'ted yet. If this ann
used until the relationship
annual application of cadm
defined, there is a 5-year !
amount of cadmium app
recommended for soils with
rapacity of 0 to 5 mer Ni

The acceptable corib«*rt:
in a sludge for a given m
ho calculated. The calcuh
total nitrogen and 1.6% ai
the sludge, and 225 kg av
are to lie applied (rates f
arc- double the rate that w<
vegetable production). Ac
on sludge nitrogen, 50%
nitrogen is lost by volatil
application and 20% of th
is available the first year.

(0.016 X 0.5) + (0.026 X <

= O.C

225
0.0132 i;

Using the good mana °n
annual cadmium app-^ati
concentration of cadmium t
mitted in municipal sludge
ing leafy vegetables is 60 p
the cadmium of the sludge i
under good management, i
to land at essentially maxim;
of nitrogen and produce ac
contents in vegetables. Ac
quire sludge with less than
under the same nitrogen lo

Good management (neut
emphasized. Data indicate
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jnt of cadmium applied and that the
applied by previous applications is

ible to plants. However, when cad
>lication stops, the formerly appliec
remains available for extended per
me, which indicates that total SOL
is also important.50' "
ly, there is no satisfactory explanatior
with the observations on the additiv
cadmium is a linear function of cad
ilied when the different rates ar<
one time) or lack of additivity (crop
is not a linear function of addec
when the cadmium is applied ove:
cad"iium application. This contro
>e dilemma in that if cadmiun
is «ie additive, the total amount o

plied is of critical importance
s__^ddmium applications from year t<
tot additive, the annual applicatio:
critical importance. This reduces
.ing application systems in that
ital cadmium encourages applicatio:
lable land, whereas an annual appl
t encourages application to the sanx
•(tended periods of time,
servative approach would be to stoi
i of cadmium to soil because a dt
3n either the total or annual loadin:
be wrong. However, because of th

of the issue, the realization ths
e questions \vill be answered in th
e. and that in the interim eitht
.ould be acceptable, it would appe*
ipplv limits on either or both. I
• '. 'here it is assumed that
TI/O, is acceptable, the concentratia
r llowable in the various ftx»
,-H_iated. This calculation assumr
nsumed is grown on land amende*
containing cadmium. i
s in mind, the relationships betwee
ding rates of cadmium and
on have been constructed for Swis
y vegetable) at two pHs.4 The
iard will represent the worst
i a maximum accumulator crop an
most response to a given level '
These data are for one soil an

imitations, but do illustrate how tb
jp uptake and acceptable concei
crops can be used.
; that the food class distributio
sents the diet of concern, the co*
>f cadmium allowed in leafy
1 ppb (wet weight), which is 2.
"eight assuming 92% moisruJ*

Jndcr poor management (low pH), the 2.0
)pm level of cadmium is reached in Swiss
hard with O.I ppm cadmium added to soil

(Ficurc IV This is 0.2 kg/ha. Under good
•n;inai:cmt*nt (neutral pH), the 2.0 ppm level
if cadmium is reached in Swiss chard with
).5(J ppm (1 kg/ha) cadmium added to soil
(Figure I ) .

If one assumes that cadmium concentration
n crops is lelated to yearly cadmium applica-
ion. llns means that these maximum rates of

cadmium could be applied per year. From
he work at the University of Illinois,1' it ap-
wirx ih.it rlie discrepancy between annual and
total li . idiD^ of cadmium holds for at least 8
M-.IIS. l int where the relationships between
:n(.il UK! annual amounts converge cannot be
;>rcdirt(.-d yet. If this annual loading rate is
.i.srci until the relationship between total and
iiiniial application of cadmium is more clearly
Iclined. there is a 5-year lead time until the
iinonnt of cadmium applied exceeds that

intruded for soils with a cation exchange
ip.ii.iu ol o to 5 meq/100 g.'°
! !u- acceptable concentration of cadmium

ii .1 -.iudce for a given nitrogen content can
«• calculated. The calculations assume 4.2%
oi.il nitroc-en and 1.6% ammonia-nitrogen in

the sludne. and 225 kg available nitrogen/ha
ire to IK; applied (rates for corn production
in- ilnnlile tlie rate that would be applied for
ki'izrtiilili- production). According to the data
•it Mink'0 nitrogen, 50% of the ammonia-
i i i inmcn is lost by volatilization on surface
ipplu-atioti and 20% of the organic nitrogen
:s ax.ul.il.lo the first year. Therefore

TABLE II. Maximum cadmium
concentration by food class.

'i "If. X 0.5) + (0.026 X 0.2)

= 0.0132 kg available X
kg sludge

• 17000 kg sludge/ha

t in- irood management figure of 1 kg/ha
'"""..I cadmium application, the maximum
' •livi.ir.itinn ,,f cadmium that should be per-
'•' :'•••! in municipal sludge used on soils grow-
'"-' ll'-"v vpueiables is 60 ppm. Therefore, if

»• • • . i l l in ium oJ the sludge is less than 60 ppm,
•in. l . -r IT.MK! manacjement, it could be applied
^' l.mil at .-ssentully maximum agronomic rates

iiitrowii ,md produce acceptable cadmium
"«MK m \e«etables. Acid soils would re-
'"' v l l"l«c with less than 12 ppm cadmium

""••••'• "'«• ".-me nitrnsen loading rates.
••—I ni.in;iacnient (neutral pH) should be

•';'''.«M/«1. U.ita indicate that the amount of

Food Cl*s«

Mnimum
Muimum Concen-

lotake trab'on
(ppb)

Dairy products 4.0 6
Meat, fish, poultry 4.0 15
Grain and cereal products 39.1 92
Potatoes 33.6 190
Leafy vegetables 8.7 161
Legume vegetables 1.6 24
Root vegetables 3.9 122
Garden fruits 5.1 58
Fruits 2.8 13
Oils, fats, shortening 4.3 60
Sugars and adjuncts 0.8 10
Beverages (including

water) 2.1 3
Total 110

cadmium in crops, where no cadmium has
been added to the soil, can be reduced by
raising the pH.' Further, where low cadmium
sludges are used along with good pH manage-
ment, there appears to be po increase in the
cadmium content of the crop.4

Municipal sludges can vary widely in cad-
mium content. Concentrations ranging from
3 to over 3 000 ppm have been found." The
majority of municipal sludges would be less
than 20 ppm.

This assessment leads the authors to con-
clude that if a person eats a normal diet and
uses municipal sludge to amend the soil where
virtually all of his food is grown, it would be
prudent to assure that such sludge contains
less than 60 ppm cadmium.

The calculations above represent the worst
case because if wastewater sludge is applied
at fertilizer rates based on nitrogen content,
only 0.5% of the agricultural lands would be
affected. Further, some of the food classes
would not be affected because application to
soils for production of certain crops (vege-
tables ) would be unlikely. However, if sludge
application will not result in unacceptable
levels of cadmium in crops under these as-
sumptions, it is much less likely (factor 100
to 200 times) to happen in the real world.
For the vast majority of the U. S. popu-
lation, subject to the existing food market-
ing system, the dilution effect that results from
the small proportion of agricultural land that
could receive sludge would minimize any po-
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TABLE ITT. Parasites of concern for possible transmission from sludge amended soils.
Organism Duease Reserroir(s) Ringed)

Protozoa
tiala*l*di*"i co/i'
fLmiamttfba kittotyliim
Gi«rdia JaHiMid
Toxoplasmo fonrfti

Nematodes (roundwormi)
Altar ii titmbTttmitt
Aneytcftomt 4uo4tn»lt*
titular mmtritamul*
Ancrlouomt krtttltenit (cat hookworm)
Amtytoslomm tamtnum (dot hookworm)*
E*uroti,Mj ttrmtfultra (pinworm)
SnomyioUti lUrcoratii (threadworm)'
1 violate can (eat roundworm)
Taaart unit (dot roundworm)
Trukttrtt truMiura (whipworm)

Cettodes (tapeworms)
Tamil »fiiu/« (beef tapeworm)
Tttnia talmm (pork tapeworm)
Hvmrmoltfii •>«• (dwarf tapeworm)
£c*>no«xcyi iranulotut (dot tapeworm)
EckiHocoauj mMltUofmlaris

Balantidiasis
Amebiasis
Giardiasis
Toioplasmotis

Ascariasis
Hookworm
Hookworm
Cutaneous Larva Migrant
Cutaneous Larva Migrant
Enter obiasii
Stronfyloidiaait
Visceral Larva Migrant
Visceral Larva Migrant
Trichuriasil

Taeniasis
Taeniasis
Taeniaiit
Hydatid diaeaie
Alveolar Hydatid diaeaie

Man. twine
Man
Man, animals?
Cat. mammals, birda

Man. twine?
Man
Man
Cat
Dog
Man
Man. doc
Carnivores
Carnivores
Man

Man
Man
Man. rat
Do»
Dog. carnivores

Worldwide
Worldwide-
Worldwide
Worldwide

Worldwide-Southeastern U. 5
Tropical-Southern L'. S.<
Tropical-Southern V. S '
Southeastern U. S.
Southeastern U. S.
Worldwide*
Tropical-Southern U. S.*
Probably Worldwide
Sporadic in V. S.
Worldwide*

Worldwide-C. S.<
Rare in L*. S.
Worldwide*
Far North-Alaska
Rare in U. S.

• Has been identified in domestic sludges.
• Man infested through skin contact.
• Reported in foreign sludges only to date.

tential problem. In addition, as mentioned
earlier, most municipal sludge would be used
on soils devoted to production of crops that
would have a much lower uptake of cadmium
than Swiss chard. Still another factor to con-
sider is the mobility of the population of the
U. S. About 6.7% of the U. S. population
makes an out-of-county move each year. Less
than 2% of the population remains in the
same county over a 50-year period." If a
community happened to draw much of its food
from agricultural land containing excessive
cadmium, the number of persons impacted for
a long period of time would b« expected to be
relatively small.

PATHOGENS
Bacteria, viruses, and parasites associated

with municipal sludge applied to agricultural
lands present potential problems of plant sur-
face contamination.

Bacteria are the most fragile of the three
groups of pathogens and are greatly reduced
by sunlight, drying, or soil competition when
sludge is applied to land. Contamination of
plants can occur by direct ground contact and
rain splashes, but survival is only a week or so.
Bacteria can survive longer if lodged in
cracked or split vegetative surfaces, as they
are protected against light and drying.

Viruses may persist in soils and on vegeta-
tion for several weeks or months. If exposed
to sunlight and desiccation, viruses will eventu-
ally be inactivated. Most enterovirus infec-

liH-ir Mr cycle and are
(Irlunilrtl. Those parasiti
»l><*-ifir intermediate host
have simple fec;il-oral tra:
luvr Ix-fii the most suet
achieving worldwide distn
ronrrni in sludge manage

Protozoa. The protozoa
ryst* in fecal material and
active, feeding stage of tr
resides in the intestine,
waterbonie and seem to \:
to adverse environmental t
me and elevated tempera!
,,f helminths. Entamoeba
apparently unable to survi
iiun. even at low tempers
ilroved within 3 days on \
Under optimum conditions
moisture they survive 6 to
Much less is known about
bilities of the other prot
potential interest.

tions occur early in life and are mild anc Toxoplasmosis is a 1
usually subclinical. For man, the virus o fcclion caused by a "prtJt
greatest potential concern appears to t* Rondii. The parasite exhi
Hepatitis A, a serious disease with an -;p trophozoite or actively pr
preciable potential for long-term liver dama ;« cyst form containing hunt

Relatively little is known about the po-si and found in brain and mi
bility of parasitic disease transmission by v. t\ ii»fected animals; and the <
of sludge-amended soils. Parasitic ova ax form found in cat feces. T
cysts generally are quite resistant to diu infection are not clear. Ir
fectants and adverse environmental conditio is "'eats have been suggestec
Many, in fact, require a period of free liv: ij way. Because the parasit

reproduction only in cats,
the major reservoir for pi
disease.4* In humans, the
primarily a subclinical in:
comes to medical attention,
transmission from mother t
suits in severe consequent

existence in the soil to develop infectiousn
for man. While often thought of as tropi
diseases, many of these pathogens are of c
mopolitan distribution (see Table III) a
commonplace within the U. S.

As outlined in Table III, only a limit
number of parasites need be considered
potential problems in sludge management e\ a fants otten exhibit permam
though numerous other species are present b system damage, blindness, c
the feces or urine of parasitized humans i 'j011- The ri$lc to s* e

domestic animals and are normally acquit x "tler seems small, buv..4n
through the oral or cutaneous routes of ent y regarded until studies on o
The blood flukes (schistosomes) and otl rcate that treatment proc
trematodes require one or more intermedi: h organism,
hosts for development to an infectious sta| e Both Balantidium colt at
The intermediate hosts are usually speci ii "« capable of causing d>
species of aquatic organisms such as sna: s ***& carriers may shed largt
crayfish, crabs, or fish. Although repeatec S "» the feces. The cysts of
introduced into this country and of immer a chlorination, but data on
public health importance in much of the n f sludge are lacking,
of the world, these parasites have not becorrf Helminths (worms). Th
established because they lack the proper intir todes (roundworms) and
mediate host(s) essential for the completion jf worms) are probably of gn
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•livoret

Worldwide-Southeastern U. S
Tropical-Southern U. S.f
Tropical-Southern U. S.1
Southeastern U. S.
Southeastern U. S.
Worldwide*
Tropical-Southern U. S.*
Probably Worldwide
Sporadic in L'. S.
Worldwide*

Worldwide-!.'. S.«
Rare in U. S.
Worldwide*
Far N'orth-Aiaika
Rare in U. S.

their life ...̂  uiu <uc uius geographically
delimited. Those parasitic species that lack
specific intermediate host requirements and
lave simple fecal-oral transmission pathways
Save been the most successful in terms of
ichievma worldwide distribution, and are of
concern in sludge management.
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significance than the protozoan agents in terms
of sludge disposal.

Nematodes (roundworms). None of the
intestinal nematodes require an intermediate
host and most produce prodigious numbers of
eggs, for example, a single female Ascaris pro-
duces 200000 eggs daily. The eggs, particu-
larly those of Ascaris and Trichuris, are fre-
quently very resistant to environmental effects.
Many are cosmopolitan in distribution and in-
festation rates are fairly high. They exhibit
several categories of life cycle: a direct type
(Trichuris and Enterobius) in which adults
develop directly from eggs reaching the ali-
mentary canal; a modified direct type in which
eggs require an external period for embryona-
tion before hatching in the intestine, entering
the circulation, passing to the lung, migrating
to the pharynx from which they are again
swallowed to complete maturity in the intes-
tine (Ascaris); a skin penetrating type in
which the eggs hatch in the soil and the larvae
enter the circulation through the skin and
traverse the cardiopulmonary-pharyngeal route
before being swallowed and reaching full ma-
turation (hookworms and Strong yloides).
These species are all found within U. S. bord-
ers although those with external maturational
requirements are more common in the warmer,
humid portions of the country. It is estimated
that over a million persons harbor ascarids,
and in children their presence may cause
serious surgical problems." When the number
of migrating larvae is sufficiently large, their
passage through the lung causes a peculiar
form of pneumonia known as Loeffler's syn-
drome consisting of fever, cough, chest pain,
shortness of breath, and eosinophila. Ascaris
transmission by sludge is an extremely impor-
tant consideration because of the disease's
prevalence and the extreme resistance of the
eggs to adverse influences. Infectious eggs
can live for years in the soil. Recent experi-
ments in which conditions simulated anaerobic
digestion have demonstrated that Ascaris ova
survive such treatment and remain infectious.
While sludge appeared to inhibit development,
it apparently protected the ova from the effects
of 38°C temperatures."

Because a significant amount of animal
wastes reach municipal sludges, parasites of
animal origin are also of concern. Two zoo-
notic roundworms, Toracara cants and T. cati,
are nearly universal in our pet population and
have a life cycle in their normal host identical
to Ascaris in man. When ingested by a child
these worms are unable to complete their nor-
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mal developmental cycle and continue to
\vander through the tissues for prolonged
periods before eventually succumbing. This
results in a chronic and usually mild disease
(visceral larva migrans) lasting up to a year.
Occasionally, more serious manifestations are
seen and the larvae are particularly dangerous
if they enter the eye because blindness may
result.

Another roundworm with extremely hardy
eggs is the whipworm (Trichuris trichiura),
principally a problem in the humid tropics
where in small children with heavy worm
loads it causes severe anemia and hemorrhagic
colitis. While not the medical problem of
Ascaris, T. trichiura is a common parasite in
Latin American migrants living in the U. S.
and large numbers of eggs can be anticipated
in some municipal sludges."

Pinworms. Pinworms (Enterobius vcrmicu-
laris) are extremely common in all strata of
our population. The female worm migrates to
the anus and lays her eggs on the peri-recta]
skin resulting in itching and discomfort. Other
than this, the effects are principally psycho-
genie in adults. Pinworm infestations spread
largely within the family or within groups liv-
ing in close quarters. While the eggs may
occasionally be found in sludge and are rela-
tively resistant to desiccation they are probably
more susceptible to adverse effects than Ascaris
and Trichiiris.

Hookworms. Two species of hookworms oc-
cur in the U. S., but infection with the New
World species, Necator americanus, is the most
common. The larvae of these worms must
embryonate for about one week in moist, warm
soil before they penetrate the skin and pass
into the circulation, eventually reaching and
maturing in the small intestine. They do not
actually ingest blood, but are tissue feeders.
In feeding on tissue they secrete an antico-
agulant that promotes bleeding from the site
of attachment. This may eventually result in
iron deficiency anemia and debility. Actually,
persons with adequate diets are little affected,
but the disease may be serious in pregnancy
and in other conditions associated with de-
pleted iron stores. Reportedly, up to 16% of
rural school children in Georgia are infested;
control is difficult in areas where poor sanitary
practices and going barefoot are common.41

The eggs are said to be fairly sensitive to ad-
verse influences, and because proper sludge
disposal practices should preclude the access
of the public to the site until sufficient time

has passed to destroy any remaining eggs Q.
larvae, the risk from sludge seems a small one

Threadworms. Slrongyloidcs stcrcoralis, o;.
the threadworm, is very widespread in th,
tropics, but is also seen in more temperafa
areas. Dogs are also commonly infected
Children in orphanages and schools are fn
quently infected, as is the case with pinworms
These parasites may follow a life cycle simiU
to the hookworm (feces. soils, skin penetration
and so on) or because the eggs are fully em
bryonated when passed by the female worm
autoinfection with the larvae penetrating th
rectal area tissues may occur. This leads ti
extremely large worm loads, and s>7nptoms o
weight loss, anemia, abdominal pain, and diai
rhea may occur. Patients receiving steroii
medications for other reasons may develop fab
infections, as the worms leave their normal sid
in the bowel and migrate terminally into man'
vita] organs.

Cat and dog hookworms (Ancylostom
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of aberrant helminthic infections; that is, i
an abnormal host they fail to complete tha
life cycles. While they can penetrate tb
human epidermis they are unable to enter (h
circulation and thus wander aimlessly for ;
month or more before dying. This cause: :
condition known as creeping eruption, famil a
to physicians along Florida's coasts whi n
beachcombers encounter animal feces.
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solitary and of great chronicity, with mar
species living for decades. With the except, i
of Hymcnolepis nana, tapeworms require *
intermediate host and are normally acquits
by ingesting incompletely cooked beef or pi r
containing the partially developed parasi <
Man serves as the definitive host and harb-*
the adult self-fertile worm. The hazard t
then, principally to stock grazing on slue)
amended soils containing the eggs; epidemt
in cattle have been traced to contaminate
irrigation water.*' Man can also act as ti
intermediate host of Taenia solium, the pi r
tapeworm, by ingesting the eggs, and the it
cysted intermediate larvae may give rise t
various serious symptoms, depending on th a
location. Fortunately, this tapeworm is r;i
in the U. S. H. nana is an exception, requiri i
no intermediate host, and infested persons f r
quently harbor multiple worms. It is our nvi
common tapeworm, especially in the Sou I
The fish tapeworm, Diphyllr/bothrium latui
is not deemed a threat because it requires tw
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Similarly, the rat tapeworm, Hymenolepsis
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(problems if man incidentally ingests the eggs
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Canada, of digested sludge at 33 plants showed
a range of 0.6 to 77 ppm PCB as dry weight.
AH buf-the highest value were below 6 ppm.4*

SPCB use is being phased out in both the U. S.
~khd Canada, so even though it may continue
to be found in the environment for many years,
the levels discharged to wastewater treatment
plants should progressively decrease to in-
significance.

Plants do sorb many organic pesticides
through roots and translocate them within the
plant.'* The most important factors con-
trolling uptake are water solubility, solute con-
centration, size and polarity of pesticide mole-
cules, organic matter content, pH, clay, and
microbial activity of the soil. Climatic factors
also play a role. Some organophosphate in-
secticides are applied to soil to be taken into
foliage of plants to control pests. Organochlo-
rine pesticides, are also sorbed by plants and
translocated to area! portions, but at a very
low rate compared to the concentration in the
soil. ;..

Beetsman et al.M reported that not more
than 3% of dieldrin from the soil passed into
the foliage of corn. Concentrations in root
tissue were 20 to 80 times the concentrations
in the above-ground portion of the plants.
Although organochlorine pesticides can reach
seeds of fruits in small amounts, the concen-
tration in roots is much less than the con-
centration in soil.*1

PCBs are chemically and biologically stable
and are adsorbed by soils. Absorption by
plant roots and translocation within-, plants is
very unlikely, but two studies have reported
low levels of plant uptake under high appli-
cation rates of the material. Iwata" used
carrots, an avowed scavenger of organochlorine
pesticides residues, on field plots treated with
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100 ppm of PCB Aroclor 12.54 to study plant
uptake. PCBs were absorbed by carrot roots
at very low levels and 97^ of absorbed resi-
due remained in the peel. Translocation with-
in the plant was very slight. Boxes of sand
treated with PCB to achieve 100 ppm con-
centration resulted in soybean uptake of 0.15
ppm (wet weight basis) in sprouts after 2
weeks growth." Jacobs et al.*4 found little or
no uptake of polybrominated biphenyb in
orchard grass and carrots grown on contam-
inated soils.

Generally, organics with large molecules
reaching agricultural lands do not tend to pass
the semipermeable membrane of plant roots.
For example, using the FDA tolerance level
for infant foods of 0.2 ppm and a typical
sludge application of 15700 kg/ha (7 tons/
acre) as dictated by nitrogen limitations, con-
centrations up to 2 800 ppm PCB could be
permitted in sludge. The problem is not so
much one of uptake by the plants, but one of
adherence to the plant. In addition, if sludge
is applied to grazing land, the animal could
ingest the sludge while grazing. The organic*
could then concentrate in certain animal tis-
sues, such as fats.

There is insufficient information to make
definitive judgments, but caution should be
exerted in applying sludge, high in PCB or
similar hazardous organics, to land where the
material may be ingested by food animals. In
the Metropolitan Denver Sewage Project,
where sludge is being incorporated into the
feed of cattle, PCB with a range of 2 to 5 ppm
was higher than any of the pesticides present
in the sludge.*1 Chlordane was 1 to 2 ppm,
dieldrin 0.1 to 0.2 ppm, followed by p, p'DOE
and oxychlordane. The muscle samples of the
cattle fed 15% sludge showed trace levels of
alpha-BHC, p, p'DDE and dieldrin but no
PCB. Fat samples showed trace levels of
he.xachlorobenzene, alpha-BHC, p, p'DDE, di-
eldrin, and PCBs. The PCB, at 0.4 to 1 ppm.
was much higher than the pesticide levels in
the fat. Oxychlordane and transnonachlor
were also found in some of the fat samples.

Generally, municipalities without a signifi-
cant source of PCB would be expected to have
a PCB concentration in their sludge of less
than 10 ppm. It would appear that caution
should be exerted before sludge containing
more than 10 ppm PCBs is applied to the
surface of grazing lands, where the sludge may
be ingested. Incorporation of the sludge into
the soil prior to planting grasses would reduce
the chance for ingestion. Because of the

tendency of many orcanics to accumulate j>
lipid-rich tissues and fluids (m'lk), dairy cow.
should not be permitted to ingest municipj'
sludges.

It appears unlikely that crops grown on in
secticide-contaminated soil contain enough in
secticide to be harmful to animals or men tha*
consume the crop.

CONCLUSIONS
• A large quantity of municipal sludge i

placed on land in the U. S. and this quantirt
is expected to increase.

• Cadmium appears to be the metal of mor
concern to human health when applying mu
nicipal sludge to land.

• To date, there is no evidence from au
topsy data that nonoccupationally exposet
persons in the U. S. have kidney cadmiun
concentrations close to the critical level io
onset of disease.

• Persons on a typical American diet <j
foods obtained in the market place ingest a>
proximately 30 pg/d cadmium, as an avera j
over 50 years. This could be higher, or lowi t
for persons who limit themselves to only o r
tain classes of foods.

• Available data indicate that cadmium ii
the diet of the typical nonsmoking American i
approximately one-thirteenth to one-sevt .1
teenth of the level at which kidney disease i
expected to begin.

• A procedure is presented for estimati. if
the passage of a sludge contaminant throu j
the food chain so that health effects may »
estimated.

• In general, because of marketing practic :
and types of crops commonly grown on sludf *
amended soils, health effects from cadmiin
in municipal sludge applied to agriculru. a
lands are not expected to be a problem.

• If a person uses municipal sludge for ma r
years to amend the soil where virtually all 1 i
food is grown, it would be prudent to assv i
that such sludge contains less than 60 pf i
cadmium and that the soil is maintained n< i
neutrality.

• Pathogenic bacteria, viruses, and parasil;
found in municipal sludges raise the specter }
potential public health problems from plant j
soil contamination.

• Densities of bacteria and viruses in rt.1
wastewater are greatly reduced in most coi
ventional sludge treatment processes. Thoa
reaching plants or soil have rather limited sir
rival times and fairly quickly reach low tite:s
Reasonable area entrv limitations and site d;
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Organochlorine Pesticides and PCBs in Cod-Liver Oil
of Baltic Origin, 1971-80

Jerry Falaodysz'

ABSTRACT
Organochlorine pesticidei and polychtorinated biphenyls
(PCBs) in cod-liver oil of Baltic origin were monitored dur-
ing 1971-80. Residues of DOT and its metabolites. PCBs,
and hexachlorobenzene were present in all samples. Gen-
erally. ZDDT residues declined, but the reason for the
decline is unknown.

Introduction
Use of technical DOT as an insecticide in countries sur-
rounding the Baltic has been prohibited since 1971. The
Organochlorine pesticides presently used for agricultural
purposes in Poland are toxaphene, methoxychlor. endo-
sulfan, and lindane. DOT was widely used in agriculture
and has been detected at high levels in tissues of Baltic
marine mammals, fish, and birds (7). The prohibition
on the agricultural use of DDT in Poland was reflected
in the nearly tenfold reduction of 2DDT residue levels
in adipose fat of slaughtered animals during the last
decade (A. Niewiadowska, Veterinary Institute, Pulawy,
1980. personal communication). However, so far there
have been no reports showing a decline of 2DDT residue
levels in -animals of the Baltic Sea. Another class of or-
ganochlorine compounds, polychlorinated biphenyls
(PCBs), occurs throughout the Baltic environment.
Also, polychlorinated terphenyls (PCTs) have been
found recently in Baltic marine organisms (2. 13, 15).
Information on production and industrial use of PCBs
and PCTS in countries surrounding the Baltic remains
obscure. Some quantities of PCBs are produced and
available in Poland under the trade name Chlorofen
(11. 12). PCBs have also been produced in West
Germany as Clophen, in the Soviet Union as Sovol,
and in Czechoslovakia as Delor. This paper presents the
results of analyses of cod-liver oil of Baltic origin for
residues of hcxachlorobenzene (HCB), SDDT, and
PCBs.

. Analytical Methods
Samples of cod-liver oil were obtained from a factory
in Gdynia. The procedures for isolation and delermina-
' Veterinary Hxficne Research Station, uL JCaprow 10. PL W-J16
Gdansk. Poland
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tion of the organochlorines have been presented else-
where (4). Two cleanup processes were used. The oil
sample was dissolved in n-hexane; 1 ml n-hexane was
used for every 20 mg fat extracted. Twenty mg fat
was cleaned with 1 ml of a 1:1 mixture of fuming 20-25
percent sulfur dioxide and concentrated sulfuric acid in
a screw-capped. Teflon-lined test tube (2. 4, 8). The
colorless hexane layer was injected directly into the
gas chromatograph. In addition, a 4-ral aliquot of
cleaned sample was subjected to alcoholic potassium
hydroxide hydrolysis in a screw-capped, Teflon-lined
test tube. The test tube was immersed for 15 minutes in
the water bath at 50 °C. After cooling, the mixture was
shaken with 4 ml distilled water. Following separation,
the upper hexane layer was injected into the gas chro-
matograph. The residues were quantitated by electron-
capture gas chromatography. Instrument parameters and
operating conditions follow:

Chromaioaraph: PYE 104
Detector: <*Nt
Column: (lam. 150 cm loaf by 4 nun ID packed with a

2:1 mixture of I percent QF-I and 4 percent
SF-96 on 100-120 mesn Gat-Carom O

Temperatures. *C: detector 210
column oven 195

Carrier fai: arson flowinc at ml/mla

PCBs were quantified by comparing sample peaks with
that of PCB standard Clophen A 50, which appeared
on the gas chromatogram after p.p'-DDE. DDE content
was calculated from the total height of the peak with
retention time equal to that of standard p.p'-DDE. p,ff-
DDT and p,p'-TDE were calculated from the difference
in height of peaks with retention times equal to those
of p.p'-DUT and p.p'-TDE before and after hydrolysis
with alcoholic potassium hydroxide. In recovery experi-
ments, the calculated values and standard deviations, in
ppm. were as follows: HCB, 0.27 ± 0.015; DDE, 5.8
:t 0.25; TDE, 5.1 ± 0.39; DDT, 1.3 + 0.14; and
PCBs, 11 ±0.84(4).

Results and Discussion
The levels of Organochlorine residues in cod-liver oil are
presented in Table 1. DDT and its metabolites were
present in all samples. DDE levels ranged from 1.1 to

51



LITERATURE CITED

(/) Falandysz. J. J977. Residues of organochlorine pesti-
ticides. polychlorinated biphenyls and hexachloro-
benzene in some cod-liver oils available at Polish
market in years 1971-1976 (In Polish). Farm. Pol.
33(6):35l-356.

'2) Falandysz. J. 1980. Chlorinated hydrocarbons in gulls
from the Baltic south coast. Mar. Pollut. Bull. 11(3):
75-80.

3) Falandysz. J.. and E. Kalebka. 1979. Residues of hexa-
chlorobenzene. chlorinated diphenylethylenes, and
polvcblorinated biphenyls in cod-liver oils in the years
1976-1978 (In Polish). Farm. Pol. 3S(6):337-341.-

•/) Falandysz.. J.. and I. Siangrtl. 1979. Use of concen-
trated sulphuric acid and alcoholic potassium hydroxide
for analysis of residues of organochlorine pesticides,
polychlorinated bi- and terphenyls in fish oils and
cod-liver oils (In Polish). Farm. Pol. 35(8):465-472.

5) Falandysz. /.. B. Michalska, J. Trojanowska, and S.
Wodtcka. 1980. Residues of chlorinated hydrocarbons
in Baltic cod liver and in canned cod-liver products
(In Polish). Rocz. Panstw. Zakl. Hig. 31 (2):163-168.

•j) Huxhenbeth. E. 1973. The contamination of fish with
chlorinated hydrocarbons (In German). Arch. Fisch
Wiss. 24(1-3): 105-116.

~) Jttutn. S., A. G. Joltnels. M. Olsson, and C. Otter-
lind. 1969. DDT and PCB in marine animals from
Swedish waters. Nature (London) 224(5216) :247-
250.

?) Jenstn. S., A. C. Johnels, M. Olsson. and C. Onerlind.
1972. DDT and PCB in herring and cod from the
Baltic, the Kattegat and the Skagerrak. Ambio. Spec.
Rep. 72(1):71-85.

•') Kosior, M. 1976. Cod of the Southern Baltic in the
years 1969-1972 (In Polish). Pr. Mor. Inst. Ryb. 18
(Ser. A): 183-214.

(10) Lipka, E., M. Zatect, E. Crochowska. and B. Dobo-
szynika. 1978. Studies on DDT appearance in Baltic
Sea fish. Part II. Determination of DDT and its
metabolites in cod liver and cod liver products (In
Polish). Bromatol. Cbero. Toksykol. 11(2):17I-175.

(/;) Luckas. B.. M. Berner. and P. Herbert. 1978. The
contamination of cod livers from Baltic Sea cod catches
with chlorinated hydrocarbons in 1976/77 (In Ger-
man). Fischereiforschung 16(2):77-81.

(12) Lutak, J., M. Rybak. and D. Zyciniki. 1976. Effect of
Chlorofen on aqueous organisms and chemical char-
acteristics of changes in aqueous medium caused by
this substance (In Polish). Rocz. Panstw. Zakl. Hig.
27(5):555-56i.

(13) Noren, K., and K. Rosin. 1976. Levels of organo-
chlorine pesticides and PCB in fish from Swedish
waters (In Swedish). Var Foeda 28(Suppl. l):2-55.

(14) Ohlin. B.. and R. Vaz. 1978. Methylmercury and PCB
levels in fish and mussels caught off the west coast of
Sweden in connection with dredging operations (In
Swedish). Var Foeda 30(Suppl. l):3-23.

(15) Renberg. L., C. Sundstrom, and L. Reutergardh. 1978.
Polychlorinated terphenyls (PCT) in Swedish white-
tailed eagles and in grey seals: a preliminary study.
Chemosphere 7(6):477-482.

(76) Schneider. R.. and C. Osterroht. 1976. On the chlori-
nated hydrocarbon levels in cod livers from the Kiel
Bight (Western Baltic). International Council for the
Exploration of the Sea. C.M. E:31.

(77) Schneider, R., and C. Osterroht. 1976/77. Residues of
chlorinated hydrocarbons in cod livers from the Kiel
Bight in relation to some biological parameters.
Meeresfonchung 25 (3-4): 105-114.

(18) Westoo. C., and K. Noren. 1970. Levels of organo-
cblorine pesticides and polychlorinated biphenyls in
fish caught in Swedish waters or kept for sale in
Sweden, 1967-1970 (In Swedish). Var Foeda. 22(9-
10):93-146.

VOL. 15, No. 1. JUNE 1981 53



I *
TF

I ?I



Residues of Pohchlorinated Biphenyls and DOT in Water and
Sediment of the Indian River Lagoon, Florida—1977-78'

Tsen C. Wang, Robert S. Johnson/ and Joe L, Bricker

ABSTRACT

Water and sediment samples collected during 1977-7S from
the Indian River lagoon between Vero Beach, Indian River
County, and Fort Pierce. Saint Lucie County. Florida, were
analyzed tor PCBs and DOT. Sample locations were chosen
on the basis of proximity to major tributaries, sewage out-
falls, or municipal areas. Concentrations in water samples
were below 0.01 ppb ZDDT and OJ ppb PCBs. Small
amounts of PCBs and DOT were found in most sediment
samples, ranging from <1.0 ppb to 0.63 ppm Aroclor 1254
and from <OJ ppb to 0.081 ppm -DOT. Samples from the
Taylor Creek tributary and from the Fort Pierce power
plant and municipal docking area contained higher PCB
concentrations then did samples from other locations. DDT
and PCB levels in most samples indicate little contamination
by these compounds of the Indian River Waterway between
Vero Beach and Fort Pierce.

Introduction
Polychlorinated biphenyls (PCBs) and ZDDT are
ubiquitous environmental contaminants. Reports of
widespread distribution of organochlorioe pesticide resi-
dues in the global ecosystem are increasing (3-5, 8, 9,
11). However, little information is available in the litera-
ture regarding organochlorine levels in the water and
sediment of the Indian River lagoon.

The Indian River is a lagoonal estuary situated along
the east central coast of Florida. This estuary extends
190 km. from Titusville, Brevard County, in the north
to Saint Lucie Inlet, Martin County, in the south (Fig.
1). Authors investigated the occurrence of organochlo-
rines in the Indian River lagoon between Vero Beach,
Indian River County, and Fort Pierce, Saint Lucie
County (Fig. 2), during 1977 and early 1978.

Methods and Materials
Figure 2 indicates approximate locations of seven sam-
pling stations which were chosen on the basis of prox-
imity to major tributaries, sewage plant outfalls, or
municipal areas.
1 Harbor Branch Foundation. Inc.. RR 1. Box 196. Fort Pierce. Fit.
3)450 Contribution No. 161.1 Present addresi: Varian Corporation. Boston, Max.

*«••*

FLORID*.

FIGURE 1. Location of Indian River lagoon, Florida

Surface water samples were collected at each station in
a precleaned solvent bottle. The water samples were
brought back to the authors' laboratory and refrigerated
at 4'C overnight. Samples were analyzed the day after
collection.

Each 3-liter water sample was drained at 250 ml/minute
through a glass column containing SO ml Amberlite
XAD-2 resin (2). The column was eluted with 200 ml
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than did samples from the South Canal tributary. PCB
and ZDDT residue concentrations in the Main Canal
samples ranged from not detectable to 210 ppb and
from not detectable to 5.62 ppb, respectively. Residue
concentrations in South Canal samples ranged from not
detectable to 8.67 ppb PCBs and from not detectable to
0.50 ppb 2DDT. The frequency with which PCB and
DOT appeared at both sampling sites was 60 percent.
The Taylor Creek tributary in Saint Lucie County is an-
other major source of agricultural runoff to the lagoon.
Samples from Taylor Creek had the highest PCB resi-
dues in the study area. Residues ranged from 20 to 570
ppb Aroclor 1254 and from 0.96 to 19.9 ppb ZDDT.
Fort Pierce power plant and municipal docking area also
had relatively.high PCB and IDDT residues. Aroclor
1254 ranged from 39 to 278 ppb and ZDDT from 1.90
to 81.0 ppb in the sediment samples. Both compounds
were found in all samples from Taylor Creek and Fort
Pierce municipal docking area. Samples from near the
Vero Beach sewage outfall contained 1.0-16.2 ppb
Aroclor 1254 with 100 percent frequency occurrence;
-DOT levels ranged from not detectable to 0.38 ppb in
25 percent of samples. Residues in samples from near
the Fort Pierce sewage outfall ranged from not detecta-

ble to 11.1 ppb Aroclor 1254 and from not detectable
to 1.70 ppb ZDDT. Of six samples analyzed. 83 percent
contained both compounds.

Conclusions
Low concentrations of PCB and ZDDT residues were
found only in the sediment samples. Sediment samples
collected from Taylor Creek tributary and Fort Pierce
municipal docking area had higher PCB and ZDDT resi-
due levels than did other sample sites. The source of
the compounds is not known. The data from this survey
do not show any clear correlation between sampling site
and sampling date.
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PCB's in Fish from Selected Waters of New York State '

John J. Spagnoli and Lawrence C. Skinner

ABSTRACT

PCS residues in fish from 41 stations throughout New York
State Here monitored in 1975. Nearly all fish contained PCB's
in detectable amounts although the levels of contamination and
specific Aroclor varied. The Hudson River contained the high-
est known PCB concentrations within the United States: let-els
often exceeded 100 pom. Other waters and fish which were sig-
nificantly contaminated include Lake Ontario safmonids and
Cayuga Lake lake trout. Onondaga Late, previously closed to
fishing because nf mercury contamination, also appears to have
abnormally high levels of PCB's upproaihing in some instances
the action level of the Food and Drug Administration. U.S. De-
partment of Health. Education, and Welfare. Samples from ma-
rine waters generally have contaminant levels substantially
below 5.0 ppm.

A summary of PCS data collected during 1970-75 is presented.

Introduction »

The Division of Fish and Wildlife. New York State De-
pan men t of Environmental Conservation, began analyzing
fish flesh for DOT in the early I960's. This work was con-
ducted in response to data suggesting that chlorinated hy-
drocarbons may interfere with reproduction of fish and
wildlife resources. Results of the investigation led to Slate
restrictions on use of DDT in 1965. During this time, re-
search indicated that DDT analyses could be biased through
sample contamination with similar compounds, polychlori-
nated biphenyls (PCB's) (8). To minimize errors in future
work, both DDT and PCB's were extracted and analyzed to
obtain separate values. From 1971 through 1975 PCB's
were evaluated in all fish flesh analyses as a pan of DDT
monitoring.

The recent concern over the impact of PCB's on human
health and their possible effect on New York's natural re-
sources as well as reports of their ubiquitous nature (6.
13. 20) precipitated a shift from low-level monitoring

to the statewide monitoring described in this report. The
new program promulgated by the Department of Environ-
mental Conservation in August 1975 revised all existing
directions. Specific fish species and desired sizes were de-
fined (Table I). Stations were located in most large water-
ways throughout the State where PCB contamination could
occur (Figure 1. Table 2) and. when possible, where earlier
samples had been taken. Several Adirondack streams were
included to ascertain statewide ambient conditions. Where
contamination was known to exist sampling was inten-
sified. This was the case of the Hudson River where inor-
dinately high concentrations of the contaminant in fish
were reported by the U.S. Environmental Protection
Agency (EPA (16).

The objectives of this program were to determine the level
and extent of PCB contamination in fish inhabiting or mi-
grating through major waterways in New York State and to
isolate contaminated portions or reaches of waterways,
thereby identifying specific areas to be addressed by agen-
cies which control water pollution.

TABLE I. Desired species and size distribution of fish from
New York waters analyzed for PCB content. 1975

SPICIU

Smalhnovlfc ban
Largea*o«ib bast
Walleye
Bullhead!
Calp
GoMfitk
Svcken
Striped baaa

SHALL '

3-7
3-7
7-9
4-6
5-7
4-6
6-1

11-11

MlMUM '

LlMCTH. IN.

IO-IJ

10-1}
11-13
1-10

13-15
7-tt
IO-II
16-11

LAACI *

14-16
14-16
19-21
11-13
21-25
10-1}
17-19
21-12

WHONT. Ll.«

SilnMM (cokal
IChianotl

Raiaoow or MccllMatf) Iroul
Lake irnui

1-2
3-3
1-2
i-:

4-4
1-12
3-3
4-*

(-1}
15-20
3-4
1-12

' Nc» York Stair DvpcnwcM of EimroMacMal Conwr>»iion ••rein of E»»iro«-
RWHU. ProurtiM. 30 Wolf Ron*. Alb***. NY 122)3

1 Mi MUM** ..umber of fit* per umplc «•• 6.
1 Avenge Mwfccr of fit* per u«ple »•• 3.
' M«tim*m number of fi«h per (ample »« 5
4 MiMnwm •umber of fit* per umplc »•• 3
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TABLE 2. Statewide sampling stations fur PCB analysis. New York—IV75

I'ppcr Hudson Ri*rr

L04 AtlUN

Hudson Rucr Ab»»r Corinth
Above Gltns Kills
At Fon Edward

belnv. Gtneral Elcciric C»
5 miles below Fon Edward
Waitrturd area

Lower Hudson Rurr Cotackit-Caiskill area
Lower Hudson
Mouth of Rundout Crerk
Mouth of vYappmftrs Creek
Mouth of Esopus Circle
Kin|slnn Rhintchff Bridfe
Tappan Zee Bridge area
West Point
Gcorfe v*ishin|lon Bndfc area
Hifhlind Poufhkrepsic area

I

9
10

II
i:

13

14

IS
16
17

II

1*

20

21

23
24

25 .
26

27

21

29
30

31

32

33

34

35
36

37
31
3*
40
41

Mohawk Rtvcr

Seneca Onci4a>Otwego Rivert

Lake Enc/Niagara River

Lake Erie Niagara River

Lake Ontario

Genctec River

Cleaning River

Susquchannn River

Delaware River

Lake Outnplain "

Si. Lawrence River

Black River

St. Lawrence River

Scneca'Oneida/Oswcgo Riven

Upper Hudson River

Long Island

Upper Hudson River

Genescc River

Scacca/OncidaiOf wcgo Rivert

Rondnul River

Mohawk River

Scncca>Oncida Otwcgo Riven
Erie Canal

Niagara River

Lake Erie

Lake Ontario

Genctec

Oiemung

Sutqucnanna

Delaware

Lake George
Lake Oasnplain

Si. Lawrence

Black River

Raqnctte River

Fulton Fish Market
Albany Fith Market

Onondaga Lake

Walloonuav/Hootick Riven

Marine Waun

Cnamplain Canal

Hemlock Lake
Ca and ice Lake

Canandaigua Lake
Keuka Lake
Seneca Lake
Cayuga Lake
Seneca River

Below Schencclady
Below Onskany

Below Fulton
Below Clyde

Below Lewitlofi

Dunkirk

Off Rochester
Oswcgo
Pulatki italmonidtl

Below Industry

Ckenung

Smtthborn

Below Pt. Jervit
(Slate line)

Bolion Landing
Ticondcroga

Cape Vincent
Matte na

Watcnown

Norfolk

Lockl

.

MonieauMa National
w.ldhfe Refuge

' See map. figare I.

or storage center. Common names of fishes used through- Society (/) and are presented with their scientific nomen-
out this report are those adopted by the American Fisheries clature in Table 3.

VOL. II. No. 2. SEPTEMBER 1977 71



TABLE 4. Conctntrattons ofPCB.s

W.TII

DEC-R

i Rivn
(Fan Ed. ml below
Gtml EJecmc Campuy)

DEC-R

U mile, below Fan Edwwd) Dec-*

Hudio. River
(Slillwiicr) DEC-R

Hiidm River
(Wiurfordl

H.dio. River
(•clow Trojr DM)

DAM

*. 7.-h DEC-R

VOL. H . N O . 2. SEPTEMBER 1977

•' ' SFICIU
———————— —————

SnullmoMli hui

WtNeyx

Yellow pork

WhM* mirt~wnne wcter

Wiflevc
Whole n*'

Efrfckfle*

Yellow perch
Whole fiik

Edit* fie*

Rock km

Alewrfe

WhittKcker

^m«Hii» ninti *•- --MMUMMn DM*

Wdky,

Yellow perdi
Whole n*

Ediokfle*

Wkieewfa,'

Hĵ ,̂  be^erf

Ur|MMMtk but
Wkole fitk

Edikl* Itctk

A*Mric«i eel •

Brow* bollkead '

Whiu Mckcr

SaillM.* but

Wtlleye

Whin twkcr

Smptd kiH
Whole fiik

Edihfe IWik

No FIM NU..M, or
A10CL01 A N.I tj 10 A«»L»1II

1241/1016 26 ,,
1154 '*

1242/1016 2 1
1254 *

1242/1016 15 ,,
1254

1242/1016 4 .
1254

1242/1016 u ,
1254 '

1242/1016 4 ,
I2S4 '

1242/1016 x i
1254 *

1242/1016 to ,
1254

1242/1016 2 i
1254

1242/1016 | .
1254

1242/1016 f ,
1254

1242/1016 | ,
1254

1241/1016 3 ,
1254

1242/1016 26 1
1154

1242/1016 ) .
1254

1242/1016 10 <
1254

1242/1016 J ,
. 1254

1242/1016 I ]
1254
1242/1016 4 •
1254

1242/1016 1 5
1254

1242/1016 | ,
1254

1242/1016 6 }
1254

1242/1016 10 2
1254

1242/1016 2 1
1254

1242/1016 || ,
1254

1241/1016' 21 >
1254

1241/1016 42 ti
"" 41 „

Co

WIICHTID At
•^ ̂  _

0
TR

0
TR.

0
TR

0
TR

91.01
3*01

9.M
1.31

16436
37.14

61 10
. 11.24

2735
ND

2035
ND

41 74
23 10

100.27
22.64

36.7J
10.67

17.29
30.69

35.54
15.01

47.30
19.12

7704
37.23

11.65
1.42

19.25
10.59

207.33
13.47

4.66
7.99

51.32
15.93

3060
15.70

23 JO
9.10

17.44
10.13

0.10
1.73

12.05
11.41

NCENTlATtON Or

•I««GI NlCN

• ————————— . —————

0
TR

0
TR

0
TR

0
TR

10421
4I.IO

9U
1.31

2M.40
42 M

61.10
11.14

27.33

20.35

I2.S*
47.57

10027
2264

157.27
20.74

U II
34.21

33.54
15.01

7100
41.10

1530
31.52

14.31
9.14

24.15
13.97

403.31
153.17

4 66
7.99

154.21
3592

360
17.5

23.}
9.1

360
12.9

2.19
1.96

56.41
50.06

**»'«.

Low

• —— • ——— ̂

0

0

0

0

11.12
2129

-

121.33
24.27

-

113
2.72

3.19
5.56

34.31
lt.95

2103
1.13

T3.24
36.31

I.M
6.99

12 40
4 44

11.21
II 07

10.34
5.94

270
14.3

M.t
7.9

0
1.66

0
1.66

73



TABLE 4 (cont'd.) . Concentrations of PCB'i in fish and shellfish in New York Stale. 1975

WATT* STATION LtloaATOlv '

Erie C»nal 12 DH

Niafara Ri«er 13 DEC-R

Lake Erie I* DEC-R. DAM

Lake Erie 14 DEC-R

LakeOmano 15-1* DEC-«

•

iC'Mf'"!"*' *flt fagtl
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Snna

Carp

Larfcmoulh bau

Nonhcra pike

Carp

Goldfiik

Largemoutk bau

Sfflallaiovlk bau

While bau

SmallmoolK bau

Walleye

Yellow perck

GoloTilk

Browa (rout

Rainbow trout

Ckiaook ulowa

Coko talnoM

CokoulMM

Chiaook aaliwoa

Raiabow trout

Browa troat

Lake ITOVI

White perck

Yellow perck

Nonkerm pike

Larfenmtk kau

SmallnuMlk kau

Rock bau

Bio. • txllhcid

No FIIM Nunia of
Aaorioa ANALVZKO AMAlvtO

I24MOI* 10 2
1254

1242 1016 1 1
1254

1242(101* 1 1
1254

1242/1016 1 2
1254

1242/1016 5 1
. 1254

1242/1016 1 1
1254

1242.' 1016 1 1
1254

1242/1016 1 1
1254

1242.1016 19 4
1254

1242/1016 19 9
1254

1242.1016 10 2
1254

I242'IOI6 4 1
1254

I242'IOI6 20 9
1254

1242/1016 10 9
1254

1242/101* 1 1
1254

1242/101* 15 4
125*

1242/101* 21 15
1254

1242/101* 29 17
1254

1242/101* 9 9
1254

1242/101* 12 12
1254

1242/1016 19 14
1254

1242/101* 27 5
1241
12M

I24MOI* 25 4
1254

1242/101* 17 10
1254

1242/101* 5 5
1254

I34MOI* t :
1254

1242.101* II 2
1254

1242 101* 10 }
1254

COHCINTKATIOM or m'».
(W M(T W1ICKT '

MllCHTtD AVItAGt

2.00
560

0 "
010

2 00
1 30

0 60
0 30

0
TR

0
3.10

0
3.30

0
11.31

0.19
0.72

0.19
0.70

0.40
0.60

1.00
1.40

0.23
i.to
0

2.03

0
1.71

0
2.36

0
1.05

021
14.41

0
J.7*

0
5.25

0
9.31

0
003
4.12

0.31
0.31

0
1.79

0
1.79

0
1 II

0
0.13

0
0 37

HIGH

4 0
7.2

0
0.1

2 0
1.3

1 6
O.I

0
TH

0
3.10

0
3.30

0
11.31

0 4
10

06
1.43

0.4
0.6

1.0
1 4

24
3.21

0
3.77

0
2.71

0
3.06

0
11.65

6.07
24. J7

0
12 35

0
1676

0
14. 62

0
041

120*

0
0*9

0
4 02

0
4 25

0
2 »9
0

3.51

0
075

Um

0
4 0

_

_

0
0

_

-

_

-

0
0.6

0
TR

04
0.6

-

0
0.57

0.76

0.9*

0.61

2.09

0
4.62

1 47

0.96

1.13

2.14

_

09*

042

1 15

0
0 55

0 39

75



e R,,e,

Black River

Rjqurue Ri.cr

Onondif• Lake

»alloom.ack Hoouc
River

liiuic Ocean

DH

DH

" DEC-R

32 DH

DEC-SB

Yellow perch

Brown bullhead

Smallmouih bait

Walleye

Walleye

Brown bullhead

Smallmovib ban

Shonhead redhonc

Smallmouth ban

Walleye

*»"it ptrch

*T»« uckcr

Carp

Brow, bullhead

LarieiMMih ban

Yellow pcrcb

W>iu aockrr

iliefnb

Slhpcd biu

'"'IT

AlliMic mcnhidca

«r doffn.

Blwefia tuaa

Atlantic nackertl

Weal
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1242 1016
1254

1242/1016
1254

1242 1016
1254

1242 1016
1254

1242/1016
'1254

1242/1016
1254

1242/1016
1254

1242/1016
1254

1242/1016
1254

1242/1016
1254

1242/1016
1254

1242/1016
1254

1242/1016
1254

1242.'1016
1254

1242/1016
1254

1242/1016
1254

1242/1016
1234

1242/1016
1241
1254

1242/1016
1241
1254

1242/1016
1241
1254

I242'IOI6
1241
1254

1242/1016
1241
1254

1242/1016
1241
1254

1242/10164
1254

1242/1016
I24«
1254

16

10

13

26

60

0 40
oss
0 34
0 45

0
I 13

0 95
2 50

030
090

03;

I 12
3 13

3 10
2 30

2 21
2.33

0 70

2 20
604»

3 10
5.30

2 62
2.91

2.00
3 40

0
0

I 43

0
0

I 05

0
0

0
0

1.07

0
0

023

0
0

1.42

046

0
0

0 2 1

0 2

0

0
: os

I S
4 0

0 4
0 6

3 1
2.3

4 3
4 9

0 7

3 1
5.3

2 1
3 5

2 0
3 4

2 9
2 9

0
1.39

0
0

3.59

0
0

032

0
0

1.33

0
027

0
6 6t

0.32

0
0 21

0
01

0 4
I 0

0 3

0 2
0 3

1 2

0 6
o :

2 3
2.:

0 7
06

o 2 2

0 19

0 3 1

77



TABLE 4 (com'd.). Concentrations of PCB's in fish and shellfish in New York State. 1975

No FttN Nmaui or

White tucker
Whole fith 1242/1016 3 }

1254

Pumpkintecd
» hole fith 1242-1016 3 1

1154

Hemlock Lake )5 DEC-R Lake trout . 1242 1016- 10 10
1254

Rainbow trout 1242/1016 2 2
1254

Chain pickerel I242.-IOI6 9 3
1254

White tucker 1242.1016 3 1
1254

Carp 1242.1016 4 I
1254

Citco 1242-1016 3 1
1254

Alewifc 1241 1016 3 1
1254

Rainbow tmelt 1242 1016 5 1
1254

Yellow perch 1241:1016 7 2
1154

Caudice Uke 36 DEC-R Uke trout 1241(1016 7 7
1254

Rainbow trout 1241/1016 5 5
1154

Canandaigua Uke 37 OEC-R Uke Trout 1242/1016 17 11
1154

Brown troui 1241:1016 1 1
.154

Keuka Lake 31 DEC-R Uke uoul 1141/1016 II 1

w* 12S4

Rainbow ime.il 1141/1016 6 1
1154

Alcwifc 1242/1016 9 2
1254

Seneca Lake 39 DEC-R Uke troul 1141/1016 10 10
1154

Cayuga Uke 40 DEC-R Uke trout 1242/1016 7 7
1154

Montciuma National 41 DEC-R Carp 1141/1016 3 3
Wildlife Refuge

' Uboratory code DEC-R - Department of Environmental Contervation. Rome Uboratory. New York Stale
DAM - Department of Agriculture and Markett. Food Laboratory. New York State.
DH - Department of Health. Griffin Laboratory. Sew York State.
DEC-SB • Department of Environmental Conservation. Stony Biook Uboralory. New York Stale

1 - indicate! abMMC.of dau. of no value let! than 0 at reported in column titled "High."
TR - trace.
ND • not determined
Includet only fith analyud for both aroclort. 4 fith not included
Sample include! one highly contaminated tpcctOMin
Sample doe not include 6 fith for which Aroclor I241MOI6 »at not determined.
Sample doe not include 1 fith for which Aroclor 1254 wit not determined.
Simple doe not include 2 fith tor which Aroclor 1254 wat mil determined
Sample doe not incluoe 12 fith for which Aroclot 1254 wai nm determined
Dm in par nthctet are weighted average PCS concentration! deluding two fith with eiceplionally high concentration!.

COMCINV

»'*«">*"••«

0
0 59

0
2 00

TR
TR

0
0

0
0

TR
0

0
0

TR
0

0
0

TR
0

TR
0

0

0

111
3.3*

0
2.31

TR
0.09

0
0

0
0

0
6.41

0
6.13

0 66
1.67

aATloh Of Pi

HlCN

O
- 092

0
2 00

TR
TR

0
0

0
0

TR
0

0
0

TR
0

0
0

T*
0

TR
0

0

0

25.71
11.69

0
1.3g

TR
1.77

0
0

0
0

0
15.99

0
a 13

1 59
3 S3

rn i.

U~

_
TR

_
-

0
0

-

-

-

-

-

-

-

-

0
1.12

.

-

0
0

-

-

2.61

.

1 76

TR
0.29
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TABLE 5 (conl'd.l. Concentrations of PCS'f in fish. 1970-74

«na

Lakr Ontario

Lake Onlano

Lake Ontario
(Salmon River
Pvlaiki Weir)

Lake Ontario
(Salmon Ruer
Pvlaiki Weir)

Lake Ontario
(Little Salmon

River)

Lake Ontario
(Spnnf Brook)

Si. Lawrence River

Allegheny River

CCMMC Rtver-
Lowcr ponio*

CneMMf River

Cohoctivjt River

"""" *"*'

Srtnu

Coho lalmon

Chinook lalmon

Rainbow irout

Brown iroul

Northern pike

Smallmouih ban

Lar|crnovih ban

Rock ban

White bail

While perch

Carp

Rainbow tmelt
Whole
Edible

Coho ulmon

Chinook salmon

Rainbow iroal

Coho Minion

Chinook Mlmo*

Coho talaioe,

SnullnvMlh ban

Walleye

Sl>r|eoai fipccics
nol known)

CbanMl caiftik

SmallnMMiik bail

Mmkillunfe

Smallmouib ban

While bail

Smallmowih ban

Wallcya

Yellow perch

Smallmowlh bail

Brown rfowl

YlAa
COU.KTED

1971

1974

1971

1974

1974

1914

1970

1970

1970

1970

1970

1970

1970

1972
1972

1970

1971

1972

1974

1971

1973

1971

1971

1971

I97J

1971

1971

1971

1971

1971

1970

1971

1971

1971

1971

1971

1971

1971

Aaorioa

1254

1234

1234

1254

1234

12)4

1234

1242/1016
1234

1254

1254

1254

1254

1254

1234
1234

1254

1254

1254

1254

1242/1016
1254

1254

1254

1254

1254

1254

1242/1016

1242/1016

1242/1016

1242/1016

1242/1016

1254

1254

1254

1254

1254

1254

1254

No HIM

9

29

12

9

3

4

4

3

2

1

2

3

3

1

10
II

17

20

20

3

2
4

51

3

3

4

1

7

'

1

2

2

«

2

1

3

2

2

1

1

NINMI of

9

29

12

9

3

4

4

3
2

1

2

3

3

1

10
II

17

20

20

5

4

51

3

3

4

1

7

1

1

2

2

'

2

'

3

2

2

1

1

6 67

6 26-

II 45

7 13

1 97

7 69

5 32

7 1 1
3.11

2 14

0.49

10.26

3 42

0.71

4 02
2.16

7 92

10.35

4 65

7.05

19 31
9.37

5.11

7.24

2 60

15.75

6.11

5.35

3.42

11.19

63 13

2.21

2.21

7.36

7 76

046

1.02

0 14

090

2.10

WEKM1

HIGH

21 97

10 72

34 41

14 77

2 II

14 30

12 16

III
4 52

:i4
0 59

13 46

3 1 5

0 71

7 12
3.42

i: 10
21 43

13 29

II 29

2* II
12 10

13 14

1 31

6.10

29.36

6 II

976

3 42

II 19

II 79

I 36

2.21

10.39

7 76

062

1 O9

021

0*0

2 10

Low

066

2 00

9 24

1.54

1 43

2 70

1 31

4 31
3 24

-

0 40

6 37

2.12

-

2.26
1.15

5 01

0.13

0 12

3 41

10 65
3.91

1 43

3.76

0.76

4 61

-

1.31

-

-

49.91

2.06

-

4.12

-

023

0 94

re

-
-
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TABLE 5 (coni'd.). Concentrations of PCB's in fish, IV70-74

CoMr[NTi«r.oN or »*c«
*«• »IT «CIGMT

».n.

Allatui

Srtriu

Black crappie

c Ocean Striped bass

Bluefish

Winter flounder

Atlantic silvcrside

Mummichof

Grubby

Spiny doffish

Northern lobster

Oyster

Yi.t So FISH Ni'xira ,»
COLLECTED AaucLO* ANALHED' ANALVSCS

1971

1972

1972

1973-74

1973-74

1973

1973

1972

1974

1974

1254

1254

1254

1254

1254

1254

1254

1254

1254

1254

3 3

5 2

5 5

110 9

900 9

II 1

20 1

4 4

1 1

36 3

NOTE: Results tabulated only for those fish for which the specific PCB was reported. All analyses conducted by Departm
Rome. N.Y.. eiccpt Atlantic Ocean analyses which were conducted by the Stony Brook Laboratory
- indicates absense of data.
TR - trace

1 Parenthetic numbers exclude one individual fish with high PCB concentration.

WEIGHTED AVI 1*04 HIGH

TR

057

1 12

0.13

0 16

0 30

0 19

0.25

0.15

0 34

icnt of Environment.

TR

0.59

I 49

0 26

0.30

0 30

0.19

0.27

0 1 5

0.75

al Conservation

's.

Low

0

0.57

0 07

0

0

-

-

0 21

-

0.12

Laboratory.

TABLE 6. Laboratory comparisons of single aroclors in Hriane and iso-octane solutions

SAMPLE
SOLUTION

Hctanc

Heiane .

Heianc

Iso-oclane
(combined siaodards)

Iso-ocianc
(combined standards)

AaOCLOt

1016
1242
1254

1016
1254

1016
1254

1016
1254

1014+1254

1016
1242

1016-1242

KNOWN
STANDAaD

0
0
0

0.10
0

0
0.95

55.5
72.0

127.5

61.0
64 5

125.5

DAM

0
0
0

O.I*
NV

NV
0 92

73. 3 »
92.1

166.1

700
50.0

120.0

RESIDUCI. ittitr

DEC-SB

0
0
0

I.O*1

NV

NV
1.32

NV
NV

IT7 '

NV
NV

145 '

il '••

DEC-R

0
0
0

1.15
NV

NV
1 01

39. 14

90.4
1)0.2

NV
70.)

DH

0
0
0

071
NV

NV
0.97

54.2(43.1)
72.2(900)

1264(133.1)

NV (103 41
125 NV

EPA

NS
NS
NS

NS
NS

NS
NS

26
91

117

31
6O
91

1 Laboratory code: DAM • Department of Agriculture and Markets. Food Laboratory. New York Stale.
DEC-SB • Department of Environmental Conservation. Stony Brook Laboratory. Ne» York State
DEC-RL - Department of Environmental Conservation. Rone Laboratory. New York Suit.
OH - Oepanmem of Health. Griffin Liberatory. New York Stale.
EPA - US. Environmental Protection Agency Laboratory. Re|ion II. New York Cily.

1 NV » no value reported for this Aroclor.
NS • no sample SCM to ibis laboratory.

1 Residue reported as Aroclon 1242 a ad 1254
4 Residue reported as Aroclor 1242
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This model can be modified to show direct uptake by each
biotic community from the aqueous phase ( / / . 18. 19).
Through this avenue, a steady state may be achieved within
a short period of time (±30 days) in highly contaminated
waters (23. 2J). Therefore, monitoring fish populations
and analyzing properly composited samples for PCB con-
tamination can indicate whether it is safe to consume fish
flesh based on the Food and Drug Administration action
level of 5 ppm. and to what degree a waterway is contami-
nated by PCB's. Indirectly, monitoring studies can show
the need for specific studies to address the impact of PCB's
on natural communities and/or populations, and the need to
re-evaluate existing discharge permit limits.

The 1975 analyses confirmed that PCB's expressed as
Aroclor 1016/1242 and/or 1254 were present in detectable
amounts in most fish sampled. The level of contamination
and specific Aroclor vary according to waterway size, loca-
tion, and peripheral land use. Table 4 summarizes the data
for edible flesh except in the cases indicated. Following is
a general discussion of the findings in each waterway.

HUDSON RIVER; Stations 1-8. 32, 34. This major river
system contains fish with the highest average concentration
of total PCB's of any waterway sampled. Sampling nearly
the entire extent of the river shows that contamination is
widespread from Hudson Falls to the mouth of the river.
The average level of contamination decreases in the lower
reaches of the Hudson, perhaps through dilution from
tributary waters, deposition in the sediments and aquatic
organisms, and the effects of marine waters. Similar results
occurred in fish collected from I970_and 1973 (Table 5).

MOHAWK RIVER; Stations 9 and 10. Concentrations in
5 of 13 analyses in 1975 exceed the Food and Drug Admin-
istration action level of 5 ppm. Highest average concentra-
tions appear upstream at the Little Falls station rather than
at Schenectady, indicating a source of contamination above
the town of Little Falls. The problem appears localized and
does not affect the entire waterway as indicated by the
Schenectady samples.

Earlier samples (Table 5) were either absent or too small to
be compared.

SENECA/ONEIDA/OWSEGO RIVERS; Stations 11 and
12. PCB's are present, averaging 4 ppm. Concentrations
are lowest at the Clyde station.

NIAGARA RIVER; Station 13. Largemouth and
smallmouth biss have concentrations below 5 ppm: one
white bass had levels above 10 ppm. The station was lo-
cated below Lewiston. thus indicating no major source of
PCB contamination from the Buffalo/Niagara Falls indus-
trial complex. Earlier data are too sparse for direct com-
parison. However, additional study is warranted based on

the 1971 analytical results and the single white bass noied
above.

LAKE ERIE; Station 14. Samples from Lake Erie were
taken at two locations. Dunkirk and the mouth of Cat-
taraugus Creek at Irving. The several species of fish con-
tained levels of total PCB's well below 5 ppm. This is con-
sistent with the 1973-74 data which indicated the presence
of the contaminant at low concentrations.

LAKE ONTARIO; Stations 15-17. Generally, low levels
of PCB's were found in warm water species, in contrast to
the elevated concentrations commonly found in three
species of salmonids taken from the lake proper. However,
reduced levels were noted in the salmon that had migrated
upstream in one major tributary, the Salmon River (Station
17). A reduction of the body fat through metabolic ac-
tivities such as spawning and migration apparently caused
the loss or displacement of some of the PCB burden in the
edible flesh.

Comparison of the 1975 data with earlier findings is dif-
ficult. General trends indicate that concentrations similar to
the present levels existed as early as 1970.

GENESEE RIVER; Station 18. Analysis of fish taken
from the lower portion of the river below the village of
Industry indicates a potential PCB problem in large fish. In
two samples, one each of smallmouth bass and silver red-
horse, levels were noted at or near 5 ppm. However, the
1971 samples, which were analyzed only for Aroclor 1254,
indicate levels higher than those found in 1975. Due to the
size of the earlier samples no trends can be identified ex-
cept that PCB's (Aroclor 1254) are still present in substan-
tial concentrations.

CHEMUNG/SUSQUEHANNA/DELAWARE RIVERS;
Stations 19-21. These three independent river systems
have been grouped for discussion since they reflect low
levels of contamination, averaging 1 ppm or less. These
figures are comparable to the samples collected in 1971 in
the Chemung River.

LAKE GEORGE; Station 21. The larger, fatty lake trout
of Lake George contain levels of PCB's (primarily Aroclor
1254) above 5.0 ppm. Lake George lake trout are known to
have elevated levels of DDT (4). The analytical methodol-
ogy used converted only DDT metabolites to dichloroben-
zophenone rather than DDT itself. Therefore, PCB levels
in lake trout and other species in Lake George, particularly
ciscos, may be overstated. Further study of the lake is
warranted.

LAKE CHAMPLAIN; Stations 23 and 24. These stations
were located at Ticonderoga and Pittsburgh, respectively.
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ser lhat emus 1.06-micrometer light, It
has just been shut down while an even
larger laser is buili. Peter Hagelstein, a
recent MIT graduate whose Ph.D. thesis
was to develop x-raser designs while
working in Wood's group, notes that no
experiment was ever done, although the-
oretical work was extensive on two neon
systems that would lase at 460 and 82
angstroms.

In a second laser-based project. Rob-
ert Carman of Los Alamos and Chapline
plan to use the eight-beamed Helios laser
at Los Alamos. Helios is a carbon diox-
ide gas laser that emits light at 10.6
micrometers. Chapline reported at New
Orleans that there may be experiments
with copper targets this year and that
additional theoretical work was needed
even to predict what the lasing wave-
lengths would be in the range from 220 to
327 angstroms.

The third x-raser project with Liver-
more's participation is also based on a
high-temperature plasma, but it does not
use a laser to produce it. Richard Fortner

is working with Glen Dahlbacka and Ray
Dukart of Physics International in San
Leandro, California. The company has a
machine called Pithon, originally built
for nuclear weapons effects simulations,
that generates extremely high bursts of
electric current (up to 3.5 million am-
peres) into a gas or solid laser medium
and thereby creates a plasma. A first
round of experiments has been complet-
ed, but only one test produced any evi-
dence of x-rays being emitted at the
correct wavelength. The plasma was
very inhomogeneous in both tempera-
ture and density, and the prospects for
achieving lasing in future tests with kryp-
ton and molybdenum that emit at 149 or
97 angstroms are viewed as uncertain.

Livermore, of course, is not the only
laboratory in the world with x-raser proj-
ects. But, as with the laboratory's un-
classified work, all are far from fruition
or else are concentrating on wavelength
ranges far from those required for x-ray
holography in the soft x-ray region of
interest for biological imaging.

How interesting is x-ray holography?
John Sedat of the University of Califor-
nia at San Francisco, who has also been
contacted by Livermore about collabo-
rating on a holography project, says that
the technique would "really change the
whole field of structural biology." For
example, the importance of the aqueous
environment in maintaining structures
without distortions is crucial, and x-ray
holography would allow this. Say re at
IBM is a bit more cautious in noting that
there are two or th/ee other methods that
promise three-dimensional imaging capa-
bilities similar to holography. Both re-
searchers enthusiastically hold that x-ray
holography should be tried. Now it looks
as though it will, although under rather
unusual circumstances. Meanwhile, la-
ser scientists hope that the details of the
putative x-raser will soon be declassified
so that work can begin on the possibility
of making a laboratory version of the
device that will use a more conventional
pumping source.

—ARTHUR L. ROBINSON

Just How Hazardous Are Dumps?
Everyone knows toxic wastes are hazardous, but there is little agreement about

how to assess the potential risks to health
In October, the United States Envi-

ronmental Protection Agency (EPA) fi-
nally issued a list of 115 hazardous waste
storage sites that represent the most seri-
ous potential danger to human health.
These sites were among the first candi-
dates to be cleaned up with support from
Superfund. a $1.6-billion kitty accumu-
lated primarily from taxes on industrial
chemicals. In November, however, the
Congressional Office of Technology As-
sessment (OTA) sharply criticized that
list, arguing that EPA had used inappro-
priate criteria in preparing the rankings.
States and environmental groups have
had their own thoughts about which
dump and storage sites deserve first call
on the funds.

These conflicting opinions symbolize
the most crucial problem confronting in-
dividuals and agencies that must deal
with the hazardous waste problem:
There is no firm consensus about how to
determine the potential hazard of chemi-
cals at a dump site, the risk of exposure,
and the potential health effects from such
an exposure. The problems are not sim-
ply academic. A 1979 survey by EPA of

100 waste disposal sites produced an
average estimated cost for cleanup of
more than $8 million, with the cost at
some sites running as high as $25 million.
There are hundreds of such sites—per-
haps thousands—and even Si.6 billion
will not go very far. Hard choices are
going to have to be made—and soon.

Part one of two parts

A good example of the problems in-
volved is the highly publicized Love
Canal area in Niagara Falls, New York,
where homes were built immediately ad-
jacent to a waste disposal site that was
disturbed. Despite the great amount of
time and effort that has been devoted to
this volatile problem, it has been ex-
tremely difficult to document the extent
of exposure of area families to the chemi-
cals. There has been no conclusive evi-
dence linking any such exposure to
health effects in humans—particularly
since some potential effects may not
become apparent for at least another 15
years.

Investigators have even had problems
490 OOM-«075/S2A}i:94490SOI.Oai) Copyright C I9K AAAS

defining precisely which questions
should be asked about hazardous waste
sites. There is consensus about only a
few of the most general:

> What do we know about how chem-
ical waste disposed onto and into the
land contributes to pollution of air and
ground water?

> In sampling and analyzing air. wa-
ter, and other media, what strategies are
most promising?

> How can human exposure best be
estimated?

*• What is the extent of normal human
exposure to the chemicals in dumps?

> How can exposure to chemicals be
related to human health problems?

*• What are the health effects of mix-
tures of chemicals? Are they additive or
synergistic?

> Are there existing technologies that
have not been applied to the problem?
What new technologies need to be devel-
oped?

These questions and others have been
addressed at three major meetings during
the past year. Proceedings of two of the
meetings are now available in book form
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got correct values (within 15 percent) for
/more than 70 percent of the samples.

After an intensive training program at
CDC and much work, about 65 percent
of the laboratories now get more than 70
percent of the determinations correct. It
is clear, however, that the laboratories

mation is the Health and Nutrition Ex-
amination Survey (HANES) conducted
by the National Center for Health Statis-
tics. For HANES, physical examina-
tions were conducted on more than
15.000 people, ages 12 to 74, at 64 loca-
tions throughout the country. As pan of

"The private testing industry is simply too
small to deal with the uncontrolled waste
site problem."

are putting special emphasis on the CDC
samples. When identical samples are
sent to the laboratories from a disguised
source, the number getting more than 70
percent of the answers correct drops by

ilf.
CDC recently began a similar study

with polychlorinated biphenyls (PCB's)
in cow's blood, but only about half of the
state laboratories and only five of the 114
largest private laboratories invited to
participate did so—"They can't be con-
vinced that we are nonregulatory," says
Liddle. The samples were spiked with
other halogenated hydrocarbons com-
monly found in humans so that they
represented "the worst case" that the
laboratories might encounter. Only three
of the 29 participating laboratories pro-
duced values of PCB concentrations that
were within 2 standard deviations of
the correct value. Both lead and PCB's
are compounds that have been studied
'or a long time and should be readily

^surable, Liddle says; the implication
is that results may be much worse for
other chemicals with which there is less
experience. There is a "desperate need"
for more work on interiaboratory compa-
rability, he concludes, so that it will be
possible to believe published results and
accurately relate them to health effects.

Even when the concentration of con-
taminants in air, water, and soil is
known, it is still difficult to determine
whether humans have been exposed to
them and, if so, at what concentrations
and for how long. "The only objective
measures of this so far," says Heath, are
for chemicals that collect and persist in
the body, particularly chlorinated aro-
matic s such as PCB's and pesticides.
Even for these, it is necessary to know
baseline levels in the population at large
before the extent of exposure can be
determined. In some cases, those base-
line concentrations are quite high.

One of the few sources of such infor-

the survey, says study director Robert S.
Murphy, blood and urine samples from
many of the participants were examined
for pesticides and related chemicals.

Among some 6000 subjects whose
blood was examined, more than 99 per-
cent had significant quantities of DDT.
The proportion with other halogenated
pesticides in their blood ranged from 4 to
14 percent. Among some 4000 individ-
uals whose urine was examined, 79 per-
cent had significant quantities of the pes-

ticide-related compound pentachloro-
phenol. Other haJogenated intermediates
were present in 4 to 7 percent of the
samples, carbamate pesticides were
present in 2 to 4 percent of samples, and
organophosphate pesticides were 'pres-
ent in 6 to 12 percent.

The center has also conducted a Hu-
man Adipose Tissue Survey, says Mur-
phy, in which samples of fat were ob-
tained from cooperating pathologists.
Some 93 percent of 785 samples con-
tained significant quantities of the pesti-
cides DDT, chlordane, and dieldrin, as
well as hexachlorobenzene. A third of
the samples also contained PCB's.

Other studies have shown significant
regional variations. A survey in the
Southeastern United States showed that
23 percent of the individuals studied had
trace levels of the potent carcinogen
aflatoxin in their blood, according to
Renate Kimbrough of CDC; aflatoxin is
produced by a microorganism that grows
on peanuts. Studies in Michigan show
that 99 percent of individuals in the low-
er peninsula and 85 percent in the upper
peninsula show significant quantities of
polybrominated biphenyls in their adi-

a*IM»« Cokjmeu*

Some dump sites an obvious...
Piles of corroding barrels may or may not represent a hazard, depending on their contents and
location.
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Human Health Risk?
Using Sludge For Crops
by George Braude, Bernard P. Saglk, and Charles A. Sorber
U. S. Food and Drug Administration
The Center (or Applied Research and Technology
The University of Texas at San Antonio

SEWAGE DISPOSAL

One solution to the dilemma of ac-
cumulating wastewater and sewage
has been application of sludge to ag-
ricultural lands. Several notable ben-
efits are: recycling of nutrients, im-
provement of marginal soils with or-
ganic matter, and direct costs
comparable to alternatives.

Land application, however, may
also involve risks to human health:
Municipal sewage contains a variety
of chemical compounds and human
and animal pathogens, including vi-
ruses, bacteria, fungi, and parasites.

Pathogens
Several authorities have ad-

dressed the problem of pathogen
transmittal to humans by way of
land-applied wastes. Theodore G.
Metcalf has conducted studies fol-
lowing the progress of pathogens
along the food chain in simulated
aquatic and terrestrial ecosystems.'
Results showed that enteric viruses
were transmitted from wastes to ani-
mals in mariculture and on a soil
system utilizing macrovinvertebrates.
Since the animals served as food for
others, viruses were recovered from
an increasing variety of organisms.

Sequential virus carriage was es-
tablished in the mariculture system,
extending through polychaete
worms, shellfish and the bottom-
feeding flounder. This Is shown
schematically in Figure 1.

In the terrestrial system, five spe-
cies of soil macroinvertebrates were
given food contaminated with virus.
Accumulation, survival and elimina-
tion of virus were determined. All
species shed viruses, although at dif-
ferent rates.

The animals studied In these
aquatic and terrestrial systems repre-
sented a hypothetical food chain
through which pathogenic viruses
could pass sequentially from simpler
to increasingly more-complex life
forms. These were experimental sys-

tems. though extrapolation from such
data to a situation in which viruses
in municipal wastes were passed
along a food chain—eventually
reaching the human consumer—is
possible.

Edward P. Larkin has researched
the potential for microbiological con-
tamination of food and soils.' He has
pointed out that all treated wastewa-
ters. unless sterilized, retain some
before-treatment organisms. Com-
plete removal of microbial pathogens
by present treatment methods is not
possible. Fecal contamination of
crops by way of soil and water is an
obvious health hazard. FecaMndica-
tor organisms have been detected on
field-grown vegetables. Larkin has
noted that other microbes and patho-
gens also ir.ay survive the waste
treatment process and contaminate
the food chain via land disposal of
sludge and effluents.

Larkin has also reported his study
of effluents seeded at > 10' organ-
isms/ml with Salmonella typhimuri-
um. Soils and vegetables irrigated
with the seeded effluents were sam-
pled weekly. The concentration of S.
typhimurium in soil decreased linear-
ly to week* then leveled off erratical-
ly to week 12 (Figure 2). The con-
centrations of fecal coliform and fe-
cal streptococcal bacteria decreased
at similar rates. Total coliforms were
covered at levels of 10*/0 of soil at
the end of the sampling period. The
levels reported are 2 log 10 units
higher than those reported by oth-
ers, but seeding levels were higher.

Implicit In Larkin's studies is the
knowledge that some sewage treat-
ment plants operate beyond their ca-
pacity. Thus, some wastes are not
treated until a plant can accommo-
date. Obviously In these circum-
stances bacteria and viruses persist,
longer and in larger numbers. The
risk to human health is great when
such wastes are applied to land for
crop production. For this reason, the
Food and Drug Administration rec-
ommends that food crops that are to
be consumed raw should not be
planted within three years after the
last land application of wastes. In
addition, unless sewage is shown to

be free of pathogens, it should not
be used on foods that may enter
homes or food establishments in the
raw state for cooking because other
foods and utensils may become con-
taminated.

Wastes may contain microinver-
tebrate animals, some of which are
parasites of man and other animals.
G. L. Jackson has described a pos-
sible environmental circuit of the par-
asitic roundworm Ascaris.'

Jackson has pointed out that the
layered structure ol the Ascaris egg
and the composition of its shell allow
it to remain viable through repeated
freezing-thaw cycles. Temperatures
as high as 50-60 degrees C (120-
140 degrees F) or more for 10 min-
utes are recommended for complete
inactivation. Its durability permits
some Ascaris eggs to survive the
sewage-treatment process and the
application of sludges to agricultural
lands may cause some cases of par-
asitic infestation. Jackson described
methods for obtaining Ascaris eggs
for seeding and compared three dif-
ferent methods (or recovering Ascar-
is from sludge. He has reported that
Ascaris were recovered from seeded
radishes and lettuce for 6 days and
from the soil for 21 days after seed-
Ing. He noted, however, that survival
times vary widely and are dependent
on environmental conditions.

Although it Is difficult to prove that
Individual cases of parasitic infection
are caused by food contaminated
with recycled refuse. Ascaris and
other parasitic animals do withstand
sewage treatment and thus have the
potential for remaining viable and In-
fective In soils and crops. Variable
weather, agricultural conditions and
the limits of recovery methods hinder
predicting how long and where these
organisms can be detected in the
field and marketplace.

Heavy MeUls
Because variable quantities of

nearly any metallic element may
eventually find their way into munici-
pal sewage and sludges and thus be
applied to crops by land application
of wastes, the effects of such ele-
ments on the food chain must be

.
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considered. Herbert R. Pahren has
addressed this issue in his study of
the effects of metals on the human
food chain.*

The following results are cited
from Pahren:

Copper, molybdenum and seleni-
um are known to have caused spo-
radic poisoning of livestock. In gen-
eral, however. Pahren noted that the
-sk to humans from these three ele-

ants is very small by way of the
human food chain. Nickel, frequently
found in sludges in substantial
amounts, may cause phytotoxicity to
plants growing in acid soils. Zinc
also is found in large quantities in
many sludges and plants.

Neither nickel nor zinc, however,
presents a realistic hazard to hu-
mans because bom are readily ex-
creted, are of low toxlcity, and are
not accumulated.

Most municipal sludges contain
mercury in low concentrations, but
generally it Is bound by clay or or-
ganic matter In an unavailable form
and would not be a risk to human
health.

The uptake of lead by grazing anf-
r-~'s on land fertilized with sludges

be a problem.
Manganese, iron and aluminum

are not hazardous at normal soil
acidities because of their low solubil-
ity.

Hexavalent chromium is seldom
present in sludges, since It Is re-
duced to the trivalent state during di-
gestion. Trivalent chromium is not
accumulated by plants and Is of low
toxicity.

Arsenic is present at low levels in
some sludges but tends to be ex-
cluded from aerial plant tissues. It Is
also bound strongly by clay fractions
of the soil.

In contrast, cadmium is present m
significant amounts In municipal
sludges, is absorbed appreciably,
translocated and accumulated by
many food crops (particularly by lea-
fy green vegetables), and accumulates
in human kidneys where It can cause
severe damage. Food Is the primary
source of cadmium for the general
population, although smoking is a
;ontributor.

~e -̂

Flgure 1. Virus Survival and Transmission Potential within Marlculture System.
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Figure 3. Uptake of Cadmium by Swiss
Chard from Acid and Neutral Soil.

Figure 2. Concentrations of & (yp/i/mu-
rium In Soil. •

Some crops, especially green veg-
etables, accumulate cadmium. Figure
3 shows the uptake of cadmium by
Swiss chard from acid and neutral
soil containing various levels.

Based on these plant uptake data,
estimates of acceptable cadmium
content of vegetables, and calcula-
tions of the amount of sludge re-
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Chared to provide nitrogen for corn
•xroc'uctJon. Pahren outlined a meth-
' cd of caJculating a safe level of cad-
rrrum content in sludge. The conclu-
sion reached was that
if the cadmium content Is less than 60
pern, it can te applied at maximum rates
& nJtrcsen and produce an acceptable
cacimOri corteni in vegetables. At these
seme rutroseo loading rates, acid soils

require sludges with less than 12

Organic Chemicals
A large number of organic com-

pounds can be found in waters, in-
cluding drinking water.* Many of
tl-ese organics have been identified
in rnw and chlorinated domestic sew-
£ce. Jack Da ere has divided organic
chemicals into four classes: organo-
cMorine insecticides, chlorinated
pftenolics. polyaromatic-ring com-
pounds. and others (phthalates, sul-
fonates. etc.).*

Because of their limited water sol-
i±4lity. many of these compounds
are found in both wastewaters and
sfcdges. The organochlorine com-
pounds are especially important, Da-
cre has observed because of two in-
herent properties: they are highly re-
sistant to degradation In the
environment and fat-soluble. They
tioaccumulate and translocate to an-
imate and man via the food chain.
Caere also has pointed out that
rr>any of the chlorinated organic
compounds found in wastewater and
sludges are known or suspected ani-
mal carcinogens. Some are also ter-
ajogens. None have been shown to
be human carcinogens except the
tenzcpyrertes. which may be cate-
gorized as suspected human carcin-
ocens.

According to Caere, because of
the potential danger to human health
from consumption of these chemi-
cals. me World Health Organization
has estimated acceptable daily in-
teke vaJues for many of them. Simi-
larly. soil pollutant limitation values
zss being developed for some insec-
ticides (Table 1). Although these val-
ues were derived for soil, they can
te used to control the level of toxic
chemicals in sludges before applica-
tion to land.

Summary
The application of sludge and

ttzstewater on agricultural lands and
crops. although desirable In - many
ways. may present hazards to human
health.

It has been shown that these

•A nrvrwy toting of torn* 1.0OO organic
ccmpouvss in ettuent water* ha* been pub-
la.-*a in a ttcMiicW rtport of the World Health
Or̂ voaaon International Reference Centre tor
Ccmrxsuiy Water Supply.

waste materials may contain viruses,
pathogenic bacteria, and viable
forms of such parasitic worms as 4s-
car/s. Evidence exists that these
pathogens may survive land applica-
tion of wastes and thus enter the
food chain.

Among the heavy metals present
in sludge, cadmium is of most con-
cern. It accumulates readily in plants
and foods and when chronically in-
gested will accumulate In body tis-
sues, especially in the kidneys. Stud-
ies to better define safety margins
and determine long-term health risks
are needed. Other elements, general-
ly, are of less concern.

Persistent organic chemicals, in-
cluding chlorinated pesticides and
polychlorinated biphenyls (PCBs) are
frequently present In municipal
sludges. These are highly toxic, po-
tentially carcinogenic materials that
can accumulate in the human food
chain. Both the organic pesticides
and chemicals, and some of the
heavy metals including cadmium and
lead, may be ingested directly by an-
imals grazing on land that has been
spread with sludge.

Collective results show that con-
tamination of the food chain can oc-
cur unless measures are taken to es-
tablish tolerable levels of pathogens,
heavy metals, and organic materi-
alsJI____________ ..
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HAWAII
HONOLULU

Hawaii
Delegates to the Hawaii Constitu-

tional Convention, by an
overwhelming vote, gave preliminary
approval to the state's "obligation to
protect, control and regulate the use
of Hawaii's water resources for the
benefit of all the people." It also
called for the state legislature to set
up a statewide agency to "set over-
all water conservation, quality and
use policies."

Supporters of the proposal cited
numerous water problems in Hawaii,
as well as the lack of overall coordi-
nation In water planning and poli-
cies.

MAINE
AUGUSTA

Main*
A near record $62 million In fed-

eral subsidy money Is slated to be
available to Maine cities and towns
for the construction and planning of
municipal sewage-treatment plants
during the fiscal year that started
Oct. 1. It Is expected the money will
generate water cleanup projects to-
taling about $100 million. The funds
will provide enough money to com-
plete the construction of facilities for
all the major sources of untreated
pollution In the Kennebec River. Ma-
jor construction grants are also slat-
ed for Cumberland, Brunswick. Ken-
nebunkport, Bath. Saco and Limer-
ick. The amount includes $33.7
million expected to be appropriated
by Congress this fall and $28 million
made available last year but not
spent. •
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NUCA: Finish Plants First
by Ken Goodwin, President
Katkxtal Utility Contractors Association Inc.
Washington, D.C.

DEC121978 =!

drawn. Some-
to turn away

from seemingly easy money—the
federal handout. That is why the
board of the National Utility Con-
tractors Association says, "No,"
to H.R. 13624, a proposed bill
that would provide grants for op-
eration and maintenance of
waste-treatment works. It advo-
cates its position not in spite of
the facts but because of them.

The town of Greenville, Maine,
with a population of about 2,000
people, built a $4.3 million AWT
facility and faces a $125,000 an-
nual O&M cost—about $200 per
family.

Pensacola, Florida, with a pop-
ulation of 60,000, has annual op-
erating costs of $6 million for its
AWT facility.

As EPA's massive Construc-
tion Grants Program continues to
pick up momentum and more and
more communities begin to satis-
fy the requirements of the act,
concern is mounting over the ca-
pabilities of communities to meet
continuing operation and mainte-
nance costs.

EPA estimates that if categor-
ies I-IV (secondary treatment,
mo.'d stringent treatment, Infiltra-
tion Inflow, replacement and/or
rehabilitation and new collectors
and Interceptors) are funded per
the 1076 needs survey, annual
operation and maintenance costs
nationwide by 1990 will be $4.39
billion.

If EPA persists in continuing to
promote widely criticized "gold-
plated" advanced waste-treat-
ment plants that need more tech-

(contlnu*d on page 5)
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tanks, and at
the gravity thickeners

The use of women in this previously
held male stronghold has not been com-
pletely without proDlems (or plant man-
agement. but can be handled.

Not all the male opposition to the intro-
duction of females into the plant work
force has been overcome The experi-
ence m Detroit, to date, with women on
the plant operations and maintenance
staffs is that this is a change for the bel-
ter

StWflSl
The Great

Lakes Cleanup
by Kenneth H. Walker
Great Lakes Regional Office
International Joint Commission
Windsor. Ontario
General and specific water quality objec-
tives to ensure that pollution of the
boundary waters does not occur were set
out m the 1972 Great Lakes Water Quali-
ty Agreement. The goals are to be main-
tamed or achieved in the boundary
waters, through effective pollution control
programs in both Canada and the U.S.
Based on the concept of protection ol the
most sensitive beneficial uses of the
waters, they are intended to be the mini-
mum basis for formulating provincial and
state water quality standards, and pro-
grams for achieving the levels ol water
quality necessary for designated uses.

Phosphorus Controlled
Reduction of phosphorus inputs to

control eutrophication has been identified
as a critical issue for the Great Lakes.
One control strategy has been to reduce
the phosphorus concentration to 1 .0 mg/l
or less in the effluent from municipal
wastewater treatment plants discharging
in excess of 3.8 x ID'mVd (1.0 MGD).
Unfortunately, all ol the treatment plants
are not yet meeting this goal.

A recent Research Advisory Board
study to evaluate various strategies lor
phosphorus control revealed that, ol 44
major municipal wastewater treatment
plants investigated, only 9 were achieving
annual average phosphorus concentra-
tions ol 1.0 mg/l or less in their ef-
fluenls. The indication was that this might
be due to either inadequate facilities or
problems with the operation of municipal
treatment plants.

A preliminary assessment of the study
results indicates that phosphorus levels of
0.5 mg/l in wastewater treatment plant
discharges are technically and economi-
cally feasible. Phosphorus loadings to
Lake Erie and Lake Ontario decreased
from 1975 to 1976. but are still higher
than the target loadings called for in the
Agreement.

The importance of phosphorus contri-
butions to the lakes from the atmosphere,
sediments and land drainage and other
nonpomt sources has been identified. For
the most part, specific control programs
have yet to be developed.

Because ol the concern about the im-
pact ol phosphorus on the lakes, the use
ol non-phosohorus compounds in deter-
gents is of interest. The Research Advi-
sory Board reported to the Commission
this year on its evaluation of the health
implications and ecological effects ol so-
dium nitrilotnacetate (NTA). which is
widely used in Canada as a replacement
for phosphorus in laundry detergent for-
mulations. NTA is not presently used in
the United States in detergent formula-
tions due to 'concerns expressed by the
Surgeon General ol the United States
Public Health Service in 1970.

Surveillance Programs
Detailed surveillance plans are current-

ly being developed for Lakes Erie and
Ontario. Additional plans will be devel-
oped for the other lakes as soon as pos-
sible. When implemented, these coordi-
nated plans will provide the data for de-
termining water quality conditions and
trends, and assessing compliance with
objectives in the Agreement.

Toxic Substance*
The occurrence ol persistent toxic sub-

stances in the Great Lakes has been a
matter of growing concern in recent
years.

PCBs continue to be a problem in most
Great Lakes fish. Mirex is present in
some Lake Ontario fish but has not been
found in the fish of other Great Lakes.
DOT and mercury levels continue to de-
cline. Concerns lor human health have
resulted in the closure ol some commer-
cial and sport fisheries in portions of the
Great Lakes.

Some jurisdictions have issued warn-
ings that certain fishes from some areas
should be eaten only once a week, or
should not be eaten at all. The Environ-
mental Contaminants Act of Canada and
the Toxic Substances Control Act of the
United Slates have been passed and are
designed to provide protection against
environmental contaminants. Their
prompt, thorough implementation and
stringent enforcement are imperative.

The Research Advisory Board has em-
barked on a project designed to provide
an early warning system" for environ-
mental contaminants. Early identification
of chemicals, not previously recognized
as problems within the Great Lakes Ba-
sin, would enable jurisdictions to take
preventive measures before a Crisis ol
the Month" emerged. The Board is devel-
oping, on a pilot scale, an inventory ol
chemicals used, manufactured, or dis-
charged within the Basin.

By using existing knowledge on the
structural and physical characteristics of
these chemicals, the Board expects to be
able to predict their bioaccumulalion po-
tential, and possibly toxic effects.

The Board also expressed concern
about the lack of knowledge of organic
chemical residues accumulated in the tis-
sue ol persons residing in the Great
Lakes Basin and is beginning a survey to
identity these contaminants.

Ecosystem Quality
In its presentation to the UC. the Re-

search Advisory Board expressed con-
cern over the limited scope ol present
planning and management activities for
the Great Lakes. Traditionally, such activ-
ities have been based on compliance with
objectives for chemical and physical
water quality parameters. The Board
urged that the lakes be evaluated on a
much broader concept of ecosystem
quality." which considers the diverse in-
teractions which occur within the lakes'
chemical, physical, biological and societal
components.

To aid in the understanding of the eco-
system and subsequently in the formula-
tion ol sound resources management de-
cisions, the Board endorsed the develop-
ment of environmental maps. It suggested
that a pilot study of environmental map-
ping be carried out in a subarea of the
Great Lakes to determine the cost/bene-
fits, the potentials and the liabilities of
such an effort, as a basis for future map-
ping-

Agreement Being Reviewed
This past April marked the end of the

fifth year of the Agreement, and the Gov-
ernments are now busily involved in the
review process. Review teams in both the
United States and Canada are consolidat-
ing opinions from many sources into an
official position. Once this is completed,
negotiating teams will start work on any
necessary revisions to the Agreement. It
appears that these may be rather exten-
sive, but it is premature to attempt to
speculate on just what changes will be
made.

The determined efforts of the United
States and Canada to restore and en-
hance the water quality ol the Great
Lakes are reflected in the unique interna-
tional approach called lor in the provi-
sions ol the 1972 Great Lakes Water
Quality Agreement.

The final judgment on the effective-
ness of this program of bmational cooper-
ation and effort to clean up the Great
Lakes may not be made for years. The
stakes are so high that we must ensure
successful attainment of the goals estab-
lished to save the multiple resources of
the Great Lakes for future generations.
The Great Lakes Water Quality Agree-
ment provides a workable mechanism for
reaching these goals. •
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EDITORIAL
(from cover)

mittee on the Environment and Public
Works at the request of the Committee
chairman. Senator Randolph. Dr. Edwin
Gee. a presidential appointee to the Com-
mission who is also a senior vice presi-
dent of the Dupont Company, had ap-
peared before the Subcommittee on Envi-
ronmental Pollution, primarily to discuss
the question ol toxics control. Lt. General
Frederick J. Clarke and I were invited to
testify on July 14, 1977, during the mark-
up sessions and just one week before a
bill was reported.

The House Committee on Public Works
sought testimony from Vice President
Rockefeller without success, but did hear
from Dr. Gee and Mr. Raymond Kudukis,
director. Department of Public Utilities.
Cleveland, Ohio, as representatives of the
Commission. I also testified at a different
time.

Of the five senators and seven repre-
sentatives who served on the Commis-
sion, eight are still in Congress, and sev-
en have been actively involved in formu-
lating amendments to PL 92-500—
Senators Baker. Benson, Muskie and
Randolph, and Representatives Cleveland.
Harsha, and Johnson. In addition, several
former NCWQ staffers now serve on Sen-
ate or House committee staffs or those of
individual members.

Thus, the influence of the NCWQ may

be ubiquitous and not easily measured.
Even Senator Muskie, who strenuously
objected to some of the Commission rec-
ommendations, has consistently endorsed
the work of the staff. Language in the
Senate Committee Report which suggests
that it 'reviewed the work ol the Commis-
sion and heeded its advice in this bill"
(S. 1952) may be more a tribute to the
persistence of Senator Randolph than a
statement of the Committees commit-
ment.

The following discussion compares the
provisions of H.R. 3199 and S. 1952.
The two are not exactly comparable,
since the Senate bill contains amend-
ments to some sections not amended by
the House version. To provide testimony
on matters it had not addressed earlier
and proposals from the Senate as the ba-
sis for Conference Committee meetings,
the House Committee on Public Works
and Transportation held hearings in Sep-
tember. 1977.

The 1983 deadline—for the Commis-
sion's recommendations, the one which
fulfilled the specific statuatory charge in
Section 315 of PL 92-500 and is, in my
view, the most significant, was stated as
follows:

"Maintain the 1983 interim water quali-

(contlntMd on pag« 76)
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Polychlorinated
Biphenyls:

An Alert for
Food and Feed Facilities

This booklet has been publish., jy the Environmental
Protection Aqencv in cooperation with the Department



Important Notice: PCB Incinerators
FOREWORD

At the time this booklet went to press, there were still
no approved PCB incinerators available for commercial
use in the United States. Until incinerators are available.
it is not advisable to remove PCB fluids or intact PCB-
containing equipment unless safe storage facilities are
available off the site.

UNI rrr> STAH S F.NVIHONMI N fAl F'HOlfCFION A(_,l NC.Y
WASMINt . K »'J I) ' ,'»4l.r>

December 1979

Several food contamination incidents have been caused
by PCBs in storage. These incidents indicate that
removing PCB equipment or draining fluid from a PCB
transformer and storing the equipment or fluid may
result in an increased risk of contamination. Therefore,
instead of removing this equipment from service at this
time, carefully examine the risk of leaks or spillage and
monitor continued operations closely. (See suggestions
in paragraph C of checklist.) If there is potential for
leaks or spills, corrective measures must be taken,
including removal of the equipment and fluid to a safe
storage area away from the premises. If you have any
questions, consult with your regional EPA or PDA office
or local USDA inspector.

At the present time, we anticipate that the first inciner-
ator will be available in spring 1980. EPA will publicize
information on commercial PCB incinerators as soon as
they are approved. In addition, you may check on the
availability of incinerators by either calling EPA's Office
of Industry Assistance toll-free (800) 424-9065 or calling
your regional EPA or FOA contact or local USDA
inspector. (See list of names and numbers in the
booklet.)

December 1979

The food and feed industries arc particularly vulnerable to
contanination from polychlor mated biphenyls (PCB). PCBs are
ubiquitous, persistent industrial chemicals that are known tu
cause serious health and environmental effects. The
Environnental Protection Agency has responsibility for regulatory
control of PCBs and other toxic substances under the Toxic
Substances Control Act of 1976. We are working cooperatively
with the Food and Drug Administration, which regulates chemical
substances in food and their use in food and animal feed plants,
and the Department of Agriculture, which has responsibility lor
assuring the safety of meat and poultry, to protect our food
supply from PCB contamination.

This booklet has been prepared to:

• Alert you to the serious potential problems associated
with the use of PCB-containing equipment in the (ood and
feed industry,

• Provide information that will help you establish a
program for contamination prevention in these
facilities, and

• Provide information on current PCB government
regulations and a reference of sources of additional
information.

PCB contamination has already caused costly destruction of large
quantities of food and uncountable damage to our environment. w,-
urge you to alert your managers and employees to the problem ol
PCB contanination and to institute a program for preventative
action without delay. This brochure will assist you in your
efforts.



Why the concern?

What are PCBs -
why, how. and where
are they used?

In recent years, there have been a number of incidents
where food has been contaminated with polychlorinated
biphenyls IPCBs) and other toxic chemicals. This
contamination has resulted from accidental spills,
improper disposal, and unintentional misuse of
PCB-containing materials and equipment. PCBs are
now known to have extremely hazardous health and
environmental effects, even at low levels of concentra-
tion in the food chain. PCB-containing equipment, such
as electrical transformers, has been extensively used in
food and feed processing facilities. We are especially
concerned that future accidental contamination be
prevented. This booklet has been prepared to help you
identify potential problems and prevent costly future
incidents that could have adverse effects on health and
the environment.

PCBs are a class of chemicals called chlorinated hydro-
carbons. PCBs range in consistency from heavy oily
liquids to waxy solids. Their most important properties
are chemical stability, low flammability, high boiling
points, and low electrical conductivity.

Since their development in 1929, PCBs have been used
in a variety of industrial applications. Hundreds of
millions of pounds of PCBs hav en used as fluids in
electrical transformers, capacitors, and electromagnets,

Why are PCBs
hazardous?

PCBs have also been used as plasticizers in i>.-nnts.
adhesives, and caulking compounds; tillers for invest
ment casting waxes; and dye carriers in carbonless
copy paper.

Concern over PCBs' toxicity and persistence m t in?
environment led Congress to prohibit their manufacture.
processing, or distribution in commerce. Although
PCBs have not been manufactured in the United Suites
since 1977, the chemical has been permitted to remain
in older electrical transformers and other industrial
machinery.

Knowledge of PCB toxicity in humans is based pri
marily on an incident which occurred in Yusho, Japan
in 1968 when PCBs leaked from a heat exchanger and
contaminated rice oil. Among the many symptoms
observed were chloracne (skin rash), discoloration ol
the gums and nailbeds, swelling of joints, waxy secre
tions of glands in the eye lids, as well as more general
effects such as lethargy and joint pain. There are also
well documented tests on laboratory animals that show
PCBs cause reproductive failures, gastric disorders, skin
lesions, tumors, and other eHects of concern.

/FFFRVt



Why should food and
feed related industries
be especially
concerned about
PCBs?

The Yusho incident illustrates the serious human health
and economic consequences of PCB contamination in
food or feed related industries. Several other incidents
underline the need for special attention to prevent
similar costly contamination in the future. These
include:

" • Discovery of PCBs in fishmeal used as a feed
ingredient in North Carolina as a result of a leaking
heat exchanger.
• Contamination of fishmeal in Puerto Rico resulting
from a fire involving stored electrical transformers in
the same warehouse,

• Death and severe illness of feedlot cattle in Kansas
caused by inadvertent use of PCB-contaminated oil
as a carrier for insecticide,

• Contamination of animal feed ingredients with
PCBs leaking from a transformer in storage at a
packing company in Billings, Montana.

These incidents have resulted in the destruction of
large quantities of food, feed, and farm animals, and
major disruption of the companies involved.

PCBs in the
environment

Unlike most organic chemicals which break down f.iuly
rapidly in the environment, PCBs are extremely stable.
The potential for biomagnification in the food chain is
of special concern. Biomagnification is the process
through which small amounts of toxic substances reach
higher levels of concentration at each stage ol the food
chain.

Microorganisms and plants take in traces of PCBs from
the environment. These microorganisms and plants
provide the food for small fish and other animals which
are in turn eaten by higher forms of animal life. At eatl i
step of the sequence, the PCB content increases until
human food supplies may be contaminated above the
levels considered to be safe for consumption.



Where might PCBs be
found in food industry
facilities?

The following types of equipment may contain PCB
fluids or other liquids such as mineral oil that are
contaminated with PCBs:

• Transformers

• Large capacitors (over 3 Ibs. of fluid)

• Electromagnets

• Heat transfer and hydraulic systems

• Small capacitors
• Equipment containing small capacitors including:
electrical switch gear, fractional HP motors, and
ballasted lighting fixtures.

Transformers, large capacitors, electromagnets, and heat
transfer end hydraulic systems are of primary importance
because they contain free flowing liquid. Small capacitors are
of less concern because the PCBs ore usually in a nonliquid,
nonmobile state.

ELECTROMAGNETS
Electromagnets contain-
ing PCBs have been
used as separator
magnets over conveyer
belts.

TRANSFORMERS
Many transformers have used PCB /»;I/M/S in
dissipate the heat generated by rr.i/isnus w>

Existing federal
regulations concerning
PCBs and food

CAPACITORS
Capacitors have been manufactured in a wide
range of sizes for various industrial uses. Capaci-
tors may contain PCB dielectric fluids.

HEAT TRANSFER SYSTEM
Heat transfer systems containing
PCBs have been used in foml
processing equipment.

Concern about highly toxic PCBs contaminating human
food has led to a number of regulatory actions by the
Food and Drug Administration (PDA), the U.S. Depart
ment of Agriculture (USDA), and the Environmental
Protection Agency (EPA). Under PDA regulations foods
and feeds are considered to be contaminated and may
not be sold in interstate commerce if they contain
PCBs in excess of certain prescribed concentrations
(See Table 1.1 The use of PCBs in food and animal
feed processing facilities, except enclosed use in
transformers and capacitors, is prohibited by PDA
regulation (21 CFR 110.40, 500.45).

EPA has issued rules governing the use of PCBs In
general, PCB mixtures with concentrations less than 50
parts per million (ppm) or 0.005 percent are not reyu-
lated. The use of intact, non-leaking transformers.
electromagnets,^capacitors, and capacitor-contairmui
pniMfirnont W'lt f l PfR r-nnr-nntr



The EPA rule permits the continued use of PCBs in
servicing of electromagnets and transformers and in
heat transfer and hydraulic systems until July 1, 1984.
As of November 1, 1979, PCBs may no longer be used
in heat transfer systems in plants manufacturing or
processing food, drugs, and cosmetics.

EPA rules include provisions for marking, disposal,
storage, and recordkeeping, portions of which are
discussed later in this booklet.

The potential for further regulatory action exists. EPA,
PDA, and USDA are considering prohibiting the use of
PCBs in all transformers, capacitors^pnd other electrical
equipment in food and feed related industries.

The following Checklist for Action has been prepared
to assist you in conducting a full safety check of your
facility. We urge you to use this checklist to implement
a program for safety and contamination prevention in
all your food and feed related facilities.

A. Determine if you
have PCB
equipment.

B. Consider replacing
PCB-containing
equipment with
non PCB
equipment.

Checklist for Action
What can I do?

1. Locate any potential PCB source.

You should inventory your plant for translotmns
capacitors, heat transfer systems, hydraulic syy-i-
and fluid stored for use in this equipment. Altw v
have located these items, . ..

2. Examine the equipment for caution labels

A caution label specifically identifying the equipment i.
containing PCBs may be present. If so, skip to Settu/n
B of this checklist. If not,...

3. Transformers and large capacitors may bear
nameplates.

If your transformer or capacitor has a manufacturer's
nameplate with a trade name, refer to Table 2 at the
end of this booklet. If the trade name does not appear
there, the equipment may still contain PCBs. Contact
the manufacturer, referencing the serial number to
determine if the equipment contains PCBs. II there is
no nameplate, or if this approach is unsuccessful

4. Seek assistance from a servicing expert.

Call on your local transformer servicing company or the
engineering service department of your utility company
They can assist you to obtain a sample of your trans-
former fluid for analysis. You may also want to sample
your heat transfer systems, hydraulic systems, or oilier
suspect oil. (Do not attempt to sample fluids in cumm
tors.) Then ...

5. Have the samples analyzed.

This is the only way to be certain whether or not your
equipment contains PCBs.

If you determine that you have PCB equipment,

EPA, PDA, and USDA are considering prohibiting the
use of PCBs in all electrical equipment in food and
feed related industries. Although the prohibition on
PCB-containing equipment is not yet in effect, we (/rt/ti
voluntary removal of this equipment and replacement
with non PCB equipment to prevent the possibility of
future food contaminating
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C. Take special
precautions for
continued use.

As an alternative in transformers, you may want to
consider replacing the PCB fluid with non-PCB fluid.
You should be aware that the transformers will contain
residual PCB concentrations after replacement and,
therefore, may be subject to future federal regulation.

,£PA disposal regulations require incineration of all PCB
liquids with concentrations of 500 ppm (0.05%) or
greater. The first approved incinerators will be available
sometime in 1980. Until incinerators are available, PCBs
removed from service must be stored for later disposal.

If it is not possible for you to replace your PCB-contain-
ing equipment, you will want to ...

The risk of PCB contamination can be minimized by
analyzing the risk of spillage associated with each
individual PCB unit and by taking steps to contain the
potential uncontrolled loss of PCBs from the unit. You
should consider the following questions:

1. Is there any evidence of an active leak from the
PCB unit? If so, take whatever steps are necessary to
protect your product or usable byproduct. Of course,
leaking equipment should be repaired immediately. If
your product is being contaminated, contact the appro-
priate agency to determine the best way to destroy it.

2. Is the PCB unit located in an area where there is a
way that leaking fluid from the unit could find its way
into your process? If so, these units should be given
priority in the development of spill prevention meas-
ures. Special consideration should be given to potential
leaks resulting from accidents as discussed in the
following.

3. Is any liquid ever pumped from the vicinity of the
PCB unit to the process area? If so, can the PCB unit ,
be isolated from the pump?

4. If the PCB unit is pad mounted, are there curbs or
pans to serve as a barricade against loss of fluid?

5. If the PCB unit is located in an area surrounded by
porous cinderblock walls, have they been scaled with
material which will not dissolve in solvents such as
PCB and trichlorobenzene? Is thr -all/floor interface
tight?

D. Be familiar with
mandatory labeling
and storage
requirements.

6. Is the floor in the vicinity of a PCB unit free from
cracks? Cracks that look like they would not prevent
the loss of fluid should be grouted and painted with
solvent resistant materials, or government approved
materials if required.

7. Is the PCB unit in a location where vehicular t raf f ic
might be a hazard? If so, a vehicle barrier might be
useful.

8. Is the PCB unit located near machinery which might
throw projectiles with sufficient energy to damage the
unit? If so, a shield, such as a fence, may provide the
necessary protection.

9. Is the PCB unit mounted on a surface which might
be difficult to seal, such as unwelded steel plates or in
a mobile machine? If so, a catchbasin might be installed
under the unit.

10. Are there floor drains in the vicinity of a PCB unit?
If so, can they be sealed or otherwise isolated from the
unit?

11. If you have PCB equipment or drums of PCB fluid
in storage for future use, can they be removed from
the process area? Are they marked or labeled to warn
of PCB presence? If you have PCB equipment, you
may be subject to mandatory labeling and storage
requirements.

1. Labeling requirements.

The EPA label for PCBs looks like this.

r THIS
EQUIPMENT

I CAUTIONcomAmPCBs"! CONTAINS

L fon PROPER DISPOSAL INFORMATION
CONTACT U S ENVIRONMENTAL

PROTECTION AGENCY

CAPACITOR(S)
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E. Obtain further
information.

You must label the following items: transformers
containing liquids with more than 500 ppm of PCBs,
PCB capacitors with 3 (three) or more pounds of fluid
operating at 2,000 volts or more, containers such as
bags, barrels, or drums used to hold PCBs, electric
motors using coolant with 50 ppm or more of PCBs,
.hydraulic systems or heat transfer systems containing
50 ppm or more of PCBs, and the storage areas
described in the following.

In addition, labels must be placed on the following
items when they are removed from service: PCB
capacitors containing more than 3 pounds of fluid
operating at less than 2,000 volts and equipment
containing a PCB transformer or large high voltage
capacitor.

2. Storage requirements.

PCBs and PCB items which you remove from service
for disposal must be stored in a location meeting EPA
criteria to insure that they are properly contained. This
location should not be near your process area. It should
be isolated so that it is not vulnerable to damage and
puncture from vehicular, forklift, and other moving
equipment. For assistance with the storage design
criteria, contact the EPA regional office for your state.
A list of EPA regional offices appears at the back of
this booklet. (See Appendix B.)

If you do not yet have the EPA regulations on PCBs,
you can obtain a free copy from EPA by calling toll free
(800) 424-9065 (in Washington, DC, 554-1404) and
asking for a reprint of the PCB Ban Regulation, Federal
Register, May 31, 1979, and for a list of the approved
PCB Disposal Facilities.

If you want more background information on the
regulation, ask for a free copy of the EPA Support
Document to the PCB Ban Regulation at the same
phone number. The mailing address is: Industry Assist-
ance Office (TS-799), Office of Toxic Substances, U.S.
Environmental Protection Agency, 401 M Street, S.W.,
Washington, DC 20460. You may also contact the
nearest EPA Regional Office. (See Appendix B.)

Other useful background information on PCBs is listed
in Apr.jndix A.

Table 1. FDA Limits on PCB Concentration in Food

Food Concentration
(parts per million)

Milk and manufactured
dairy products

Poultry

Red meat

Eggs
Fish and shellfish

Feed for food
producing animals

1.5 ppm
(fat basis)

3 ppm
(fat basis)

3 ppm
(action level)
(fat basis)

0.3 ppm

5 ppm
(edible portion)*

0.2 ppm
(except concentrates,
supplements, and premixes)

Infant and junior foods 0.2 ppm

Animal feed components 2.0 ppm
of animal origin

Paper food packaging in 10 ppm
direct contact with food (action level)

Source: Title 21, Code of Federal Regulations. Section 10930.
Federal Register, Vol. 44. No 127. June 29. 1979,
pp. 38330-38340.

'A regulation establishing a new level of 2 ppm WHS pronwl
gated but was stayed on October 5. 1979 until tuttlmr
notice.
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Table 2.
PCB Manufacturers and Trade Names

PCDs have been marketed and used by manufacturers in their products under
various trade names. This list is not necessarily complete since many companies
hnve gone out of business and information is no longer available.

Manufacturer

Acrovox
Allis Chalmers
American Corp.
Axel Electronics
Bayer
Calfaro
C;)ll;iro
Caflaro
Capacitor Specialists
Chcmko
Cornell Dubilier
Dings Co.
Electrical Utilities Corp.
Electro Engineering Works
Electromagnetic Filter Co.
Envirotoch Buell
Eriez Magnets
ESCO Mlg. Co.
Ferranti Packard Ltd.
General Electric
Geneva Industries
II. K. Porter
Helena Corp.
Hevi Duty Electric
ITE Circuit Breaker
Jard Corp.
Kanegafuchi
Kuhlman Electric
McGraw Edison
Maloncy Electric
Monsanto
Monsanto
Monsanto

Country

US
US
us
—
Germany
Italy
Italy
Italy
US
Czechoslovakia
US
US
US
US
US
US
US
US
US
US
US
US
US
—
us
us
Japan
US
US
US
UK and US
UK and Japan
UK and Europe

Trade Name

Hyvol
Chlorextol
Asbestol

Clophen
Dk
Fenclor
Inclor

Dykanol

Eucarel

Pyranol
Askarcl'
Askarel'
Pyranol

Askarel'
Non-Flammabte Liquid
Clorphen
Kennechlor
Saf-T-Kuhl
Elemex

Aroclor
Santotherm FR
Pyroclor

Manufacturer

Monsanto
Monsanto
Monsanto
Niagara Transformer Corp.
P. R. Mallory & Co.
Power Zone Transformer
Prodelec
Prodelec
R. C. Uptegraff
R. F. Interonics
Reliance Electric Co.
Research-Cottrell
Sangamo Electric
Sovol
Sprague Electric Co.
Standard Transformer Corp.
Stens Magnetics
Tobe Deutschmann Labs.
Universal Mfg. Corp.
Van Tran Electric
Wagner Electric
Westinghouse Electric
York Electronics
—
—
—

Country

US
US
us
us
us
us
France
France
US
US
US
US

• US
USSR
US
US
US
US
US
US
US
us
us
us
-
—

Trade Name

Therminol' '
Pydraul'"
Santovac 1 and 2
Askarel', EEC 18
Aroclor B
EEC18
Phenoclor
Phyralcnc

Askarel"
Diaclor

Chlorinol

Askarrl'

No-Flamol
Inerteen

Nepolin
Apirolio
Kaneclor

'Askarel is the generic name used for nonflammable insulating liquid in trnnslornmx and
capacitors.

"Various products used as heat transfer fluids, such as Therminol FRO. were manufac-
tured under this name.

''' Various products used as hydraulic fluid, such as Pydraul A 200. weft manufactured
under this name.
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Appendix A Other Available Information on PCBs

This booklet does not go into detail about the health
and environmental effects of PCBs or the chemicals
now being used as substitutes for PCBs. The following
reports cover these technical areas. The NIOSH Criteria
.Document is particularly recommended for its discus-
sion of health issues for servicing PCB equipment or
cleaning up PCB spills.

"Criteria for a Recommended Standard ... Occupa-
tional Exposure to Polychlorinated Biphenyls (PCBs)."
DHEW (NIOSH) Publication No. 77-225, September
1977. Order from Superintendent of Documents,
U.S. Government Printing Office, Washington, D.C.
20402. Price $4.00 plus postage.

"Assessment of the Use of Selected Replacement
Fluids for PCBs in Electrical Equipment." Report No.
EPA 560/6-77-008, March 1979. Order from National
Technical Information Service, Springfield, Virginia
22161. Report No. NTIS PB-296 377.

"Polychlorinated Biphenvls and the Environment."
1972. Order from National Technical Information
Service, Springfield, Virginia 22161. Report No. NTIS
COM-72-10419. This is a thorough discussion of the
properties and uses of PCBs.

"PCBs in the United States: Industrial Use and Envi-
ronment Distribution." 1976. Order from National
Technical Information Service, Springfield, Virginia
22161. Report No. NTIS PC 252-012.
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Appendix B
Where Can I Seek Assistance?
Assistance from EPA or PDA may be obtained by contacting your nearest regional
office. Plants regulated by the Food Quality Service of USDA may obtain help from
their local inspector. The following table lists by the state the ten Federal regional
offices for FDA and EPA.

REGION I: Connecticut Maine, Massachusetts, New Hampshire. Rhode
Island, Vermont

EPA FDA
Mr. Robert Dangel Mr. A. J. Beebe
Toxic Substances Coordinator Regional Director
John F. Kennedy Federal Building 585 Commercial Street
Boston, MA 02203 Boston, MA 02109
(617) 223-0585 (617) 223 1278

REGION II: New Jersey, New York, Virgin Islands, Puerto Rico
EPA FDA
Mr. Ralph Larsen Mr. Caesar A. Roy
PCB Coordinator Regional Director
26 Federal Plaza 830 3rd Avenue
New York, NY 10007 ' Brooklyn, NY 11232
(212)264-1925 (212)9655416

REGION III: Delaware, Maryland, Pennsylvania, Virginia, West Virginia.
District of Columbia

EPA FDA
Mr. Charles Sapp Mr. R. J. Davis
Toxic Substances Coordinator Regional Director
Curtis Building (3AH20) 2nd and Chestnut Street
6th & Walnut Street Room 900
Philadelphia, PA 19106 Philadelphia, PA 19106
(215) 597-4058 (215) 597^390

REGION IV: Alabama, Florida, Georgia, Kentucky, Mississippi, North
Carolina, South Carolina, Tennessee

EPA
Mr. Ralph Jennings
Toxic Substances Coordinator
345 Courtland Street, NE
Atlanta, GA 30308
(404)881-3864

FDA
Mr. M. D. Kinslow
Regional Director
880 W. Peachtree Street
Atlanta. GA 30309
1404)8814266

REGION V: Indiana, Illinois. Michigan. Minnesota, Ohio. Wisconsin
EPA FDA
Mr. Karl Bremer Mr. L. R. Claiborne
Toxic Substances Coordinator Regional Director
230 South Dearborn Street, Room 1165 175 W. Jockson Boulevard
Chicago, IL 60604 Room A-1945
(312) 353-2291 Chicago, IL 60604

ni7>



tEGION VI: Arkansas. Louisiana, New Mexico, Oklahoma, Texas
EPA PDA
Mr John West Mr. P. B. White
PCB Coordinator Regional Director
f irst International Building 3032 Bryan Street
1201 Elm Street Dallas. TX 75204
Dnllns, TX 75270 " (214) 749-2735

767-2734

PDA
Mr. Clifford G. Shane
109 Cherry Street
Kansas City, MO 64106
(816)374-5646

tEGION VII: Iowa. Kansas. Missouri. Nebraska
EPA
Mr Wolfgang Brandner
Toxic Substances Coordinator
324 East 11 Street
Knnsos City, MO 64106
181 G) 374-6538

tEGION VIII: Colorado, Montana, North Dakota, South Dakota, Utah,
Wyoming

EPA PDA
Mr. Dean Gillam Mr. F. L. Lofsvold
Toxic Substances Coordinator Regional Director"
1R60 Lincoln Street 721 19th Street
Denver, CO 80295 US Customhouse Room 500
1303) 837 3926 Denver, CO 80202

(303)837-4915
TGION IX: Arizona, California. Hawaii. Nevada. American Samoa. Guam,

Trust Territories of the Pacific. Wake Island
EPA PDA
Mr. Gerald Gavin Mr. I. B. Berch
PCB Coordinator Regional Director
215 Fremont Street UN Plaza
Son Francisco, CA 94105 Federal Office Bldg.
(415)556-4606 Room 526

San Francisco, CA 94102
(415)556-2062

EGION X: Alaska, Idaho, Oregon. Washington
EPA
Dr. Jim Everts
Toxic Substances Coordinator
1200 6th Avenue
Srntlle. WA 98101
(2061 442-5560

PDA
Mr. J. W. Swanson
Regional Director
909 1 st Avenue
Room 5003
Seattle, WA 98174

EPA
For additional information you may call the Industry
Assistance Office toll free at (800) 424 9065 (in Wash-
ington, DC 554-1404), or write to Director, Industry
Assistance Office (TS-799), Office of Toxic Substances.
U.S. Environmental Protection Agency, 401 M Street,
S W Wnchinnfnn HP
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Toxic substances
Great Lakes

Here is an overview of the origin, distribution, and fate of
some heavy metals and organics, and some suggestions

as to what may be done about them

Joseph J. Delfino
Laboratory of Hygiene

University of Wisconsin-Madison
Madison, Wisconsin 53706

Concern over the presence of
chemicals in the Great Lakes has in-
creased in recent years. Alfred Beeton
reviewed historical trends of many
common anions and cations, and found
that their concentrations increased
slowly but continuously in the past half
century (Eutrophication. National
Academy of Sciences, 1969). These
changes were accompanied by changes
in the biota, particularly the algae, as
populations evolved from so-called
clean-water species to those indicating
eutrophic symptoms. Beeton hypoth-
esized that man's activities were in-
fluencing the limnology of the Great
Lakes, resulting in decreased water
quality. These conditions were noted
particularly in Lakes Erie and Ontario

Feature articles in ES&T have by-lines, rep-
resent the news of the authors, and are edited
by the Washington staff. If you art interested
in contributing an article, contafl tne managing
editor.

and in the southern basin and Green
Bay in Lake Michigan.

An international conference, held in
Madison, Wis., in 1967, focused on
eutrophication and spurred greater
research interest. Numerous addi-
tional conferences have been held on
this topic in the past 12 years. How-
ever, environmental issues rarely re-
main simple, and in the early I970's
the eutrophication problem was con-
founded by concern over the potential
effects of thermal pollution in the
Great Lakes, a topic reviewed some
years ago by Arthur Levin and others
(ESA T, March 1972, p 224). For
instance, as demands for electric power
increased, especially in the Midwest,
many power plants were constructed
on Great Lakes shorelines.

Citizens and regulatory agencies,
already alarmed by the specter of eu-
trophication-influenced water quality
changes, attempted to restrict the
discharge of power-plant cooling water
into the lakes. By 1972, these two
issues had created sufficient attention
that an interstate enforcement con-
ference on Lake Michigan pollution
was convened. Also in 1972. the Great

Lakes Water Quality Agreement be-
tween the United States and Canada
was first signed. It established water-
quality objectives and timetables, and
espoused a nondegradation philos-
ophy.

While these environmental issues in
the early 1970's originally emphasized
phosphorus loading and thermal pol-
lution in the Great Lakes, the toxic-
chemical problem was also developing.
Although the first serious alert con-
cerning toxic chemicals, particularly
pesticides, had been sounded by Ra-
chel Carson in The Silent Spring in
1962, it was not until the late 1960's
and early 1970's that the combination
of increased environmental awareness
and laboratory analytical capability
led to the discovery of pesticides
throughout the Great Lakes Basin.
The chemical stability of many pesti-
cides, coupled with their capacity to
bioaccumulate, resulted in high con-
centrations of compounds such as
ODT and dieldrin in fish. Fish that
exceeded U.S. Food and Drug Ad-
ministration (FDA) tolerance levels
for pesticides could not be sold com-
mercially.
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• Mercury concentrations in surface sediments of the Great Lakes
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During the time that extensive effort
was mounted to document DOT levels
in Great Lakes fish, chemists noted
that additional compounds were also
present. In fact, some of these other
substances created significant prob-
lems in the analysis of DDT. It was
soon recognized that these trouble-
some compounds were polychlorinated
biphenyls (PCB's), and that they were
also present at levels as high as 25
Mg/g- These historical levels have been
documented by scientists from the
U.S. Fish and Wildlife Service (FWS),
the U.S. Environmental Protection
Agency (EPA), and particularly by
Gilman Veilh at EPA's Duluth, Minn.,
laboratory. Thus, what was first a
problem involving nondegradable
pesticides, such as DDT, soon blos-
somed into a major issue of contami-
nation by all types of toxic chemical
substances.

To be sure, there is siill concern
about the input of phosphorus and
thermal discharges into the Great
Lakes. But. according to the Pollution
from Land Use Activity Reference
Group (PLUARG) of the Interna-
tional Joint Commission (IJC), toxic

chemicals have now become the pre-
dominant water-quality issue in the
Great Lakes Basin. This concern is
also shared at the'national level by the
President's Council on Environmental
Quality.
What ire toxic substances?

Webster's Seventh New Collegiate
Dictionary defines toxic as something
"of, relating to or caused by a poison or
toxin", where a poison is "a substance
that through its chemical action usu-
ally kills, injures, or impairs an or-
ganism." The Congress of the United
States defined toxic substances in
October 1976, when it enacted the
Toxic Substances Control Act (Public
Law 94-469). That Jaw defines toxic
substances as those chemical sub-
stances "whose manufacture, pro-
cessing, distribution in commerce, use,
or disposal may present an unreason-
able risk of injury to health or the en-
vironment." More specific definitions
of a toxic substance and a hazardous
polluting substance were included in
the Great Lakes Water Quality
Agreement of 1978. signed by the US.
and Canada on Nov. 22. 1978.

Numerous industrial chemicals,
such as PCB's, have been entering the
environment for many years and, like
DDT, have accumulated in living or-
ganisms including Great Lakes fish
and in the people that consume them.
PCB's have been identified essentially
everywhere in the world, despite the
fact that they were produced for uses
that should not have resulted in such
widespread distribution. These uses
included capacitors, transformers, and
hydraulic fluids. Their careless use and
disposal have led to ubiquitous con-
tamination of the environment.

Details about certain toxic chemi-
cals, including lists of the so-called
"priority pollutants", were published
recently by Larry Keith and William
TelliardtESAr. April 1979, p 416).
These should be consulted for addi-
tional information.
Distribution in water

The extent of toxic-substances dis-
tribution in the water, sediments, and
fish of the Great Lakes Basin is only
now beginning to be understood. For
example, a comprehensive inventory of
information on the distribution of or-
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•.•anic ;:nd irace-'v.cu.i con taminan t :n
t i - . e LV.MP-. o i a l i o l ;he G r e a t L a k e s ,
except Lake Ontar io, has been pre-
pared lor a c o m m i t t e e of the IJC's
Water Qua l i ty Board b\ Dcnm> Ko-
nascwich and hi> co-workers. This in-
v e n t o r y w i l l serve as ,\ basis for an as-
>cssmcm tha t w i l l determine those
c o n t a m i n a n t s that may present a
hazard to human hea l th and the envi-
ronment . Data were obtained from
municipal.state, provincial and federal
agencies in the U.S. and Canada, as
w e l l as from reports and papers pub-
lished by univers i ty researchers, gov-
ernment scientists and consulting
l i r m s . Among those groups tha t have
performed considerable work and
compiled extensive data on the Great
Lakes are the Canada Centre for In-
land Waters, the Ontario Min is t ry of -
the Environment, various EPA labo-
ratories, the Nat ional Oceanic and
Atmospheric Administration, and the
na tura l resources departments of the
Great Lakes stales.
Chemicals in Lake Michigan

The most complete interpretive
compilation of historical data for
chemicals in Lake Michigan was
published by Marguerite Torrey in
1976. N'o s imilar ly thorougrtrtreatise
for the other Great Lakes has been
prepared.

At one time, organochlorine pesti-
cides were widely used in the Lake
Michigan Basin and were applied to
forest and agricultural lands, and to
noncrop lands. Pesticides were also
used in industry and for household-pest
control. According to a 197^£PA re-
port, the extensive use of DOT and
dieldrin in Wisconsin led to the^rans-
port of these chemicals to Lake~\)
Michigan via tributaries; land runoft.."
and wastewater-treaiment" pUw
Atmospheric precipitation was "a
implicated because of the wind-Jj
transport of these pcsiicides~folTQ!
aerial spraying. ,."..

The concentrations of pesticides in
the waters of the Great Lakes is rela-
tively low. due partly to their low
aqueous solubili ty. As reported by
Torrey, typical concentrations were
generally below 1 ̂ g/L. and often near
1 ng/L. In addition to DOT and diel-
drin, numerous other compounds were"
detected by gas chromatography. in-
cluding PCB's. lindane. JJeptachlor.
heptachlor cpoSft. endrinraUtin. and
methoxychlor. Much of the early DOT
and dieldrin data from Lake Michigan
and other waters, prior to the late
1960's. arc now considered only ap-
proximate because of the likely inter-
ference of PCB's in the analysis of
these pesticides. j:-
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Tor rey d e r n o n ^ r a t e d t h a t t h e con-
c e n t r a t i o n s o l i he m a i n io\ ic i no rgan i c
mate r i a l s t HL'. Pb. As) are qui te low m
Lake M i c h i g a n . There, ino rgan ic
substances do not appear to pose sig-
nif icant problems, except for As in the
Green Bay area (currently^being
studied by Marc Anderson and asso-
ciates at the Univers i ty of Wisconsin-
Madison), and Pb in the southern
basin.

Distribution in sediments
Great Lakes sediments are the

ultimate_sink for many, but not all. of
the toxic-contaminants that enter the
lakes. Some of the contaminants, such
as mercury, can be converted to more
biologically active forms. Also, com-

A toxic substance means "a substance
which can cause death, disease, behav-
ioral abnormalities. cance»» genetic
mutations, physiological or reproductive
malfunctions or physical deformities in
any organism or its offspring, or which can
ftpcome poisonous after concentration in
the food chain or in combination with
other substances." A hazardous polluting
substance is defined to mean "any ele-
ment or compound which, if discharged
in any quantity into or upon receiving
waters or adjoining shorelines, would
present an imminent and substantial
danger to public health or welfare. For this
purpose, public health or welfare en-
compasses all factors affecting the health
and welfare of man including but not lim-
ited to human health, and the conservation
and protection of flora and fauna, public
and private property, shoreline and
beaches."
Source: Great Lakes Water Quality Agreement

• of: 1978. International Joint Commission

.-_,„.. as PCB's ajijfekeif up by
_ _, Jrff^ganisrns*|3BaFeither live or
-feed in thf sediments, and which are
'subsequently'eaten by larger carni-,
vores. This results in an eventual in-
crease in .file concentration of this
contaminant in carnivorous fish. Thusv
despite the £a£t that the sediments are*

rtnany metersbclow the water's sur-
face, they do not always act as the
ultimate sink for toxic substances.

The presence of many contaminants
in the Great Likes sedimenisj&as
summarized in'thr r97* PLLMWG

y e n e r a l K a p p e a r i n Lakes E r i e . O n -
ta r io , and St . C i a i r . Previous i n d u s t r i a l
discharges, a p p a r e n t l y c u r r e n t a tmo-
spheric deposition i n t o the Great
Lakes, and runoff from the land sur-
face appear to be sources of Hg.

Prior to 1970. major inputs into the
lakes' system were discharges from the
St. Clair and Detroit Rivers. On the
basis of the sediment patterns. Lake
St. Clair appears to be a cont inuing
source of Hg to Lake Erie, despite the
el iminat ion of the chloralkali-plant
source.

The transport of Hg-enriched sedi-
ments from Lake St. Clair. through
the Detroit River, and into western
Lake Eric, continues to be a problem.
The resuspcnsion of Hg-contaminated
sediments from western Lake Eric, and
subsequent in-lake transport, has
carried Hg along the southern shore-
line and led to its ul t imate deposition
in the eastern basin. The western basin
of Lake Eric is an active area of sedi-
ment resuspension because of wind-
induced wave action.

In Lake Ontario. Hg appears to be
carried by the Niagara River, w i t h
eventual dispersal throughout the
eastern basin. The sharp decrease in
point-source inputs of Hg to the lakes
should result in a gradual decrease in
Hg content of the surface sediments,
according to PLUARG.

The concentrations of most organic
contaminants in Great Lakes sedi-
ments have not been well mapped.
PCB contours, however, were com-
piled by PLUARG for Lakes Huron,
Erie, and Ontario. These indicate a
general occurrence of PCB's in the
sediments, with higher loadings in the

^western and southern areas of Lake
Erie and in the south central area of

: Lake Ontario^ The PLUAR£ Report
estimated that nonpoint sources*.io-

i eluding atmospheric i
'-"-. for the

inal Report to the 1JC'Of particular
. cem were Hg. Pb, and PC&4*..»
contour map prepared by PLUARd;
showing the approximate distrrbaiicm
of mercury (Hg) ~*jGreat Lakes jedk-
ments, is reproduced as Figure I'.'"'

The-high«n Wg- concentration*

Distribution mfah W"" -
Data forPeB's in Great Lakes fish

.were compiled in the PLUARG Re-
port with additional data provided by
the State of Wisconsin. These appear
in Table I. The most significant PCB
contamination occurs in Lake Michi-
gan, according to data now available.

~ Out interesting aspect of PCB,
DOT, and dieldrin cantamrnation of

'Ttshffi Lake Michigan is the slightly
.decreasing trend in concentratwBfclhat
f has developed overrate put five to
~ eight years; Data from the FWS ad|
>, EPA indicatcsuch a trend, but fun her
'analysis a^ftmonitoring will be re-
quired in (he.future to verify the trend,

jhe PCB concentrations in fish can



\ . ir\ I rom one -c.iMin 10 .inoihcr. .1-.
ucll .is dunni; Npju nini: pcnodv Thuv
I'i-h moniioriiii: programs mu»l be
conducted in a conMsteni manner 10
a\oid but-> in the interpretation ul the
d.na.

One reason ihji PCB's continue 10
appear in relatively high concentra-
tions in Lake Michigan fish is that the
chemical is easily bioaccumulatcd:
that i>. passed through the food chain
as smaller organisms arc consumed by
larger ones, ultimately reaching the
primary carnivores in the lake (sal-
monids) which are highh prized sport
fishery species. This process is illus-
trated in Figure 2.

\lercur\ concentrations in Great
Lakes fish are not too much of a con-
cern, except for those caught in Lake
Erie. Concentrations from fish in that
lake indicate that the PDA consump-
tion guideline of 1.0 Mg/g is still being
exceeded, although trends of decreas-
ing concentrations have been noted.
The PLL ARC Report noted that lead
(Pb) concentrations are nowhere close
to the recommended consumption-
advisory limit of lO^g/g in any of the
Great Lakes.

Effects of toxic substances
One effect on citi/cns in the Great

Lakes Basin, particularly those who
consume relatively large amounts of
locally caught fish, is contamination
from certain species by chemicals,
especially PCB's. Most of the species
that have sport fishery importance,
particularly the salmonids. consistently
exceed the proposed PDA tolerance
guideline of 2 ̂ g/g in Lake Michigan.
However, sportsmen are not prevented
from consuming their catch, and many
of these people are unwilling to aban-
don their sport (which involves con-
siderable financial investment), par-
ticularly since lexicological studies
have not conclusively linked the di-
etary intake of low levels of PCB's with
human health problems.

Despite the lack of firm human
health evidence, there is ample docu-
mentation that the intake of PCB's
near the PDA guideline significantly
affects rhesus monkeys. James Alien
and co-workers at the University of
Wisconsin-Madison have shown that
infants born to monkeys that were fed
2.5-5.0 /jg/g of PCB'"s developed fa-
cial acne and edema, swelling of the
eyelids, loss of facial hair.including
eyelashes, and hypcrpigmcntalion of
the skin. Half of the PCB-cxposed in-
fant monkeys died within eight months
following birth, assumcdly from PCB
intoxication. Surviving infant monkcjs
proved to be hyperactive in locomotor
tests, and to be slow in learning how- to

Toxic substances:
According to the Great Lakes Basin

Commission, the general classes of
toxic substances that are presently of
concern in the Great Lakes Basin
are:

• halogenated organic compounds
(PCB's. PBB's. chlorophenols).

• radioactive substances.
• pesticides.
• heavy metals and toxic nonmet-

als (Hg. Pb, As), and
• petroleum products.

There are many sources for the
toxic substances that enter the Great
Lakes. The Great Lakes Basin Com-
mission and others have itemized
these as:

• point sources (municipal- and
industrial-effluent discharges).

classes and sources
• nonpoint sources (land applica-

tion of toxic materials followed by
runoff; the atmosphere).

• urban runoff (Pb from automobile
exhausts; grease and ori; metals;
household pesticides),

• toxic and hazardous waste dis-
posal sites or •'phantom" disposal
activities (legal or illegal waste dis-
posal that results in the pollution of the
Great Lakes: transportation acci-
dents),

• the atmosphere (ES&T, Novem-
ber 1979. p 1337) (can be considered
a nonpoint source but represents a
major point of entry of PCB's, Pb and
other toxic substances to the lakes).

• agricultural runoff (nonpoint
source but emanates from specific
useage of chemicals in agriculture).

TABLf 1
PCB concentrations in Great Lakes fish.

Lake

Superior
Michigan

Huron
Erie
Ontario

Sampling
period

1968-1975
1972-1974
1974-1978
1968-1976
1968-1976
1972-1977

Mean PCB
concentrations*

PO/g

0.61

10.2
NCb

0.82
0.88
2.37

Range
Mg/g

<0.1-3.7
2.1-18.9
1.2-37e

<0.1-7.0
<0.1-9.3
<0.1-21.1

• The PDA tolennce level is 2 pg/g
k Not calculated
' Based on the analysis ol 35 fish consisting ol chubs, lake trout and coho salmon. Data Irom the
State ol Wisconsin Department ol Natural Resources
Source: PLUARG. 1978

The PLUARG Report
The 1978 PLUARG Report summed

up the toxic substances control prob-
lem very well and the following points
are excerpted from thai document. In
order to control toxic substances and
reduce their inputs to the Great
Lakes:

• Toxic substances must be con-
trolled at their source.

• Closer cooperation between the
U.S. and Canada in implementing toxic
substances control legislation must
occur.

• Proper management control, and
the means of ultimate disposal of toxic
substances presently in use. must be
developed.

• Identification and monitoring ol

historic and existing solid waste dis-
posal sites (where there is an exisiting
or potential discharge of toxic sub-
stances) must be done, and control
programs at those sites must be exe-
cuted as needed.

• Joint U.S.-Canadian expansion of
efforts to assess the cumulative and
synergistic effects of increasing loads
of toxic contaminants on environ-
mental health must be given high pri-
ority.

• The rapid translation of these
assessments into revised water-quality
objectives must be made; moreover,
for certain toxic substances, a zero
loading to the Great Lakes must be a
requirement.
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solve \ ; i r ; o u > ' . ' >p j i u i d i ^ r . m i r i . i n o n
problfms. u h e n cump.ired to control
an ima l s .

The l i n k a g e of rhesus monkey
h e a l t h effects 10 potent ia l human
health problems is still not firm.
However, the animal studies suggest
t ha t humans should l imi t their con-
sumption of PCB-conlaminated fish
taken from the Great Lakes, especially
Lake Michigan, unt i l cpidemiological
research determines the extent, if any,
of low-level dietary intake effects of
PCB's on humans.

The most serious effect of toxic
substances in the Great Lakes seems lo
be the diminished value of the Great
Lakes as a natural resource, particu-
larly in the production of fish that are
sui table for human consumption.
Commercial fishing has already been
impaired. Sportsmen now enjoy their
pastime with the caveat that their
catch is tainted, and thai their fish in-
take should be limited to no more than
one meal per week. Pregnant or nurs-
ing women have been advised to elim-
inate the PCB-contaminatcd fish en-
tirely from their diets.
Problems in the Lake Michigan basin

In recent years, numerous toxic and
potentially hazardous organic com-
pounds have been identified in the
Wisconsin waters of the Lake Michi-
gan basin. The findings in Wisconsin
are representative of experiences in the
other Great Lakes states, and will be
discussed further here to provide an
overview of some current problems.

Perhaps the best studied of the toxic
organic compounds are the PCB's. A
National Conference held in Chicago.
III., in 1975 (ES&T, February 1976,
p 122) addressed this industrial con-
taminant in detail. The unusual sta-
bility of the PCB's in the environment,
and their capability to bioaccumulate,
have contributed to the fishery prob-
lems mentioned above.

Contamination of Lake Michigan
waters by PCB's has been a matter of
concern since the late 1960's when the
Wisconsin Department of Natural
Resources (DNR) found that PCB's in
fish collected from the lake exceeded
the PDA guidelines (which were set at
5 Aig/g at that time). PCB sources
were found to be industrial and mu-
nicipal effluents; but also, perhaps
more significantly, the atmosphere was
implicated as'a possible major con-
tributor of PCB's to the lake. Indeed,
as the point-source contributions of
PCB's are eventually closed off, non-
point sources, such as the atmosphere,
will lake on a more important role.

Nevertheless, according to Stanton
Kleincrl ol ihc Wisconsin DNR. the

F GU~.E 2

How PCB's are passed through the
Lake Michigan food chain

. Salmonids
\ (lake trout, salmon)

Small fish •• ' Zooplantton
(alewtves, chubs.
perch...)

Sediments

Souce*: Urmnfty tt WiMon*n SM Gran Program. PubMtad by p«rn»Mion ol ft* capyngM owner

PCB problem in Wisconsin is chiefly
a fishery problem, in terms of natu-
ral-resources management. Public
water supplies in the state, for exam-
ple, do not contain detectable amounts
of PCB's, while nearshore waters of
Lake Michigan and its tributaries
contain only small concentrations of
the contaminant.
PCB's in the Sheboygan River

In March 1978, very high concen-
trations of PCB's were reported in fish
collected in (he Sheboygan River, a
Lake Michigan tributary in
northeastern Wisconsin. The fish,
originally collected in late 1977,
showed PCB concentrations ranging
from 26 to almost 1000 f/g/g. Recall
that the FDA guideline is 5 ng/g;
lowering it to 2 Mg/g is proposed.

Because of these very high concen-
trations, an intensive sampling pro-
gram was begun. The results verified
the earlier findings that the PCB con-
centrations in the Sheboygan River
fish were significantly elevated above
the values normally found in the Lake
Michigan basin.

These findings indicated the prob-

able existence of a previously uniden-
tified source of PCB's. Investigative
work by the Wisconsin DNR quickly
identified a metal-casting plant as the
PCB source. The plant had been dis-
posing PCB-contaminated wastes be-
hind its building and along a dike ad-
jacent to the Sheboygan River. High
water, runoff, and erosion deposited
the PCB's in the river sediments, and
through food-chain accumulation,
contaminated numerous fish species.

The PCB-contaminated shoreline
material has now been isolated and
placed in scaled drums, and awaits
final disposal. The sediments, however,
arc sti l l loaded with PCB's and con-
t inue to contaminate fish. They also
are washed out into Lake Michigan
through normal stream sediment
transport processes. The question of
dredging the sediments has not been
resolved, since dredging might mobi-
lize the PCB's, and lead to more con-
tamination of the nearshore Lake
Michigan area. Also, an adequate
dredge spoil disposal site would have to
be developed, and such sites can be
placed only on land or in contained
shoreline areas. The disposal of con-
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l a n i i n a u d o r ^ u ^ c - v p o i ^ m L a ^ c
Mich ' . i ian \ \ j t c r ^ i - c n l a u l u l . pos ing
; he d i l e m m a t h a i bo tn ac t ion and
i n a c t i o n \ v i l l r e s u l t i n c o n t i n u e d P C B
po l lu t ion problems. This case is an
example of the t> pe of io\ic substance
control problem thai is likely to arise
again in ihe fu tu r e .

The company involved in the She-
boy gan River case has changed own-
ership since the period w h e n PCB's
were used in the hydrau l ic systems of
the casting machinery . PCB's are no
longer in use. but their careless dis-
posal in the past haun t s the present
owners, as well as the environment
near the casting plant . A s imilar case
is now the object of considerable re-
search and regulatory interest in the
Waukegan. 111., harbor area.

Wastewater: the Lower Fox Riter
Probably the most industrialized

drainage basin entering into Lake
Michigan is the Lower ~Fo\ River, a
tributary to the waters of Green Bay in
northeastern Wisconsin. Leading from
Lake Winnebago to Green Bay. it re-
ceives \vaste\vaters from many pulp
and paper mills, and other industrial

a n d m u n i c i p a l u . ' . s i e « . i t e r ucairncr. t
f a c i l i t i e s .

A s tud \ i n i t i a l e d in 1976 sought to
i d e n t i f y the sources of PCB's and o ther
chlorinated organic compounds in the
r iver . Many organic and chlor inated
organic compounds were identified in
the wastewatcrs. river water, sediment,
and fish collected throughout the wa-
tershed. Included in these results were
20 of the "priority pollutants" that
were discussed by Kei th and Telliard
(ESdT. Apr i l I 979 .p416) .

Representative data from this study
appear in Table 2. They indicate that
the Lower Fox River system receives
considerable loadings of chemicals
from a variety of sources. The heavy
use of chlorine as a bleaching agcnl in
pulp-mill operations, the recycling of
paper products contaminated with
PC B's, and chlorination of municipal
t reatment plant effluents arc sources
of many of the chlorinated organic
compounds.

The environmental significance and
ultimate fate of these materials are not
fu l ly known at present, except of
course, for PCB's which are found in
high concentrations in fish taken from

TABLE 2
Selected organic compounds identified in the Lower Fox River
watershed in Wisconsin*

Coneentrellon reng««

Compound
WMlewater*

<M8'L) Sediment, (,18/g) Ftah

Anisole.
Tetrachloro-
Pentachloro-

Benzothiazole
Hydroxy-
Methylthio-

Dehydroabietic acid
Dieldrin'
Guaiacol,

Trichloro-
Tetrachloro-

Hexachlorocyclohexanec

Phenol(s),
Dichloro-e

Trichloro-e

Tetrachloro-
Pentachloro-'

Polychlorinated biphenyls (PCB'sf
(Aroclors'1242, 1248 and 1254)

Polycyclic aromatic
Hydrocarbons (PAH'sp

0.04-0.08
0.05-0.38

10-30
10-30
10-40

100-8500

10-60
10-50
0.04

15-40
5-100
2-20

0.1-40

_b _

— 0.005-0.06

— 0.008-0.022

0.22-0.28 —

0.1-56 0.05-61

0.5-10

0.5-90

• Source: Wisconsin Department ot N*IL»»I Resource*. 1978
' Not determined or not detected
c Compound on EPA priority poHuttrt list

i nc L o « e r I ov K r « c r . Kesca rx r . > p w ~ , -
sorcd by s ia ic and f e d e r a l o r u a m / a -
l ions, i n c l u d i n g the U n i v e r s i t y o f
Wiscons in Sea G r a n t Program, is un-
derway and w i l l help to resolve m a n y
of the current uncer ta in t ies .

PCB's in lake trout
A recently complc'tcd study has

added substantial ly to knowledge of
how PCB's are taken up by salmonid
species, particularly lake trout in Lake
Michigan. This research was per-
formed by David Weininger. under the
direction of David Armstrong, at the
University of Wisconsin-Madison. In
his Ph.D. thesis. Weininger developed
a bioenergetic model to account for the
accumulation of PCB's by Lake
Michigan lake trout. With some
modification, the model might apply to
related species in other lakes that have
simi lar feeding habits and metabolic
processes.

The primary source of PCB's accu-
mulated in the lake trout is adult
alewives. Furthermore, for an average
adult lake trout, the PCB concentra-
tion is more related to its age than its
size, signifying that accumulation is
more a function of time or exposure
than of diet alone.

Of major importance in Weiningcr's
work is the prediction that greater than
50% of the PCB's in aduft lake trout
have cycled through Lake Michigan
sediments. This emphasizes food-chain
processes, since benthic invertebrates
are eaten by ad*ilt alewives which, in
turn, are consumed by adult lake
trout.

To reduce future concentrations in
lake trout, the PCB content of the
alewives must be reduced. Weininger
speculated that if the alewife popula-
tion could be reduced, then lake trout
might switch to smell as a primary
food source. Smelt have much lower
PCB concentrations: thus, lake trout
PCB levels should decrease rapidly.
This might result in lake trout even-
tually meeting the FDA tolerance limit
in the future.

Weininger's hypothesis is intriguing,
and fish resource managers have now
been challenged to take innovative
steps to reduce the PCB content of
prized Lake Michigan stocked species
(salmonids). The alternative is to
abandon salmonid stocking for many
years unti l PCB's in the sediments are
buried beyond those levels at which
they would be available to invertebrate
organisms.
Control of contamination

Resource-management strategies in
the Great Lakes Basin must contend
with the toxic-substances issue. This
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i -n imes human and e n v i r o n m e n t a l
h e a l t h , thereby e l e v a t i n g i t s e l f 10 a
position of prominence above some of
ihe earlier Great Lakes problems, such
as eutrophication and thermal pollu-
tion. The task will not be easy because
it requires resource managers to adopt
nontradil ional concepts. However,
progress can and must be made.

A toxic substances control plan has
been developed by the Great Lakes
Basin Commission. It draws on nu-
merous sources for its background in-
formation including publications and
policies of the IJC. PLUARG and
EPA. Some of ihc important corner-
stones of the Basin Commission's plan
are the many existing environmental
statutes, including the fol lowing
(ES&T. February 1978. p 154):

• Toxic Substances Control Act,
• Federal Insecticide, Fungicide

and Rodenticide Act.
• Federal Water Pollution Control

Act Amendments,
• Resource Conservation and Re-

covery Act.
• Clean Air Act,
• Hazardous Materials Transpor-

tation Act.
• Ports and Waterways Safety

Act.
• Safe Drinking Water Act.
• Atomic Energy Act,
• Marine Protection, Research and

Sanctuaries Act, and
• Food, Drug and Cosmetic Act.
Despite the laws that have been en-

acted to control pollution, serious
contamination incidents still occur in
the Great Lakes Basin. These prob-
lems indicate the need for continued
concern and cooperation on the pan of
those who produce, use, and discharge
toxic substances. Regulatory surveil-
lance and enforcement must continue,
and will remain a major stimulus in
controling the release of toxic sub-
stances in the basin.

In addition to surveillance, in-
creased emphasis must also be placed
on research. During the course of the
analysis of environmental samples,
numerous unknown compounds still
appear as recorder traces on gas
chromatographs. Resources must be
made available to government and
university scientists so iHat the number
of these "unknowns" can be reduced.
Expanded research efforts should re-
sult in a decrease in the number of in-
cidents that were at one time sarcas-
tically referred to as "pollutants of the
month".

It is known that many toxic sub-
stances are transported to the Great
Lakes Basin from other areas of the
U.S. and Canada. This emphasizes the

Why controls would be difficult
• A number of toxic substances are

already present in the Great Lakes.
• Some toxic pollutants in the Great

Lakes are derived from sources well
removed from the basin and are car-
ried hundreds of kilometers by atmo-
spheric processes, illustrating the
need for national and international
planning.

• The national goal of zero dis-
charge of toxic substances into natural
waters must be vigorously pursued,
particularly in the Great Lakes where
residence times can be long.

• Methods must be sought for the
attenuation or removal of those toxic
substances already present In the
.Great Lakes Basin.

• Existing laws must be enforced to
reduce and ultimately eliminate the
discharge of toxic substances to the
aquatic environment.

need for environmental-protection
personnel to learn more about atmo-
spheric chemical transport and reac-
tion phenomena. Atmospheric chem-
istry is now receiving attention in a
number of Great Lakes area universi-
ties. A symposium on atmospheric
chemistry at the ACS meeting in
September (ES&T. November 1979.
p 1337) highlighted much of the cur-
rent research in this area.

The Great Lakes states and the
EPA should ultimately agree on a
common list of priority pollutants that
will receive primary emphasis for
monitoring, research, and eventually
control in the basin. The Great Lakes
Basin Commission has stated that
federal and state cooperation is critical
in solving toxic-substances problems.
And, importantly, research is also
needed to determine the human health
implications and environmental sig-
nificance of the toxic substances that
have been found distributed through-
out the area.

Another item involves the analytical
detection of lower and lower concen-
trations of chemicals which were not
previously anticipated in the Great
Lakes Basin. Should government reg-
ulate these substances "just because
they are there", or should they await
appropriate toxicity testing to deter-
mine their potential environmental and
human health impacts? It is an im-
portant question that may require the
wisdom of Solomon to answer to ev-
eryone's satisfaction.

In summary, it should be clear that
there are toxic-substances problems in

the Great Lake-* Basin , jnd t h a t steps
are now be ing t a k e n to r e s o l v e t h e m .
This process w i l l t a k e considerable
time and money, but for the more than
15% of the U.S. population tha t l ives
in the Great Lakes area, these invest-
ments will provide long-term dividends
in terms of improved" water quality and
enhanced ut i l izat ion of the Great
Lakes as a natural resource.

Note: This article is a condensed version
of a report thai was originally prepared for
a course on water-quality issues entitled.
"Decisions for Lake Michigan", funded by
the U.S. Office of Education as pan of the
Interstate Water Quality Training Pro-
gram, and coordinated by ihc Purdue
University Calumet Campus and the Lake
Michigan Federation.
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A Survey of Polychlorinated Biphenyls in Paper
Recycling Mill Treated Wastewater

PCBs and Wasfepaper
by Kevin J. Walter and John J. Zambrano

P o l y c h l o r i n a t e d
biphenyls (PCBs)

emerged in the 1970s as a
significant water contami-
nant and serious hazard to
human and animal health.
Prior to this general peri-
od, it was not realized by
anyone that PCBs could be
as hazardous as they
turned out to be. The pres-
ence of this chemical is
widespread, but it appears
that New York might very
well have more contamina-
tion by these persistent
chlorinated hydrocarbons
than any other state. Re-
ports of high levels of PCB
contaminat ion in fish
caught in New
waters became
more common in the mid 1970s. Levels
often exceeded the FDA limit of 5 ppb.

The initial concern of the State De-
partment of Environmental Conserva-
tion, was elimination of the direct
sources of PCB wastewaters. In Sep-
tember 1976 the Department and Gen-
eral Electric Company, the state's ma-
jor user of PCBs for capacitor produc-
tion, reached a settlement concerning
their wastewater discharge. The com-

About the Author*
Kevin J. Walter is a graduate of Rensselaer
Polytechnic Institute with • EUchelon De-
gree in Environmental Engineering. He is
currently employed in DEC'i Central Office
with the Bureau of Industrial Programs, and
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of the Slate's Pulp and Paper and Timber
Product* Industrie!. John Zamprano is em-
ployed by the New York State Department
of Environmental Conservation in Albany.
He it currently the chief of the Biological
Syiuma Section in the Bureau of Industrial
Program*. Mr. Zambrano hat • Bachelor of
Civil Engineering and Master of Sanitary
Engineering from Manhattan College.
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pany was permitted a one gram per day
discharge based on an achievable con-
centration of I ppb.

In the aftermath of the General Elec-
tric case, the Department became con-
cerned with potential discharge of
wastewater with indirect contamina-
tion of PCBs. Those of us associated
with the paper industry had been aware
for some time of the contamination of
recycled paper from at least two uses of
this chemical in years prior to 1971.
What was not known, however, was the
level of this contaminant in treated
paper mill wastewater discharges and
specifically in the large number of
mills using recycled paper. This state
has long led the country in total num-
ber of paper mills in operation even
though the tonnage produced is well
below that of many states.

For these reasons it was believed
necessary to institute PCB monitoring
in wastewater discharges from mills us-
ing recycled paper. The purpose of the
monitoring survey was to establish the
individual levels of PCBs that are dis-

charged from state paper
mills. The information
would be used to deter-
mine if specific receiving
water quality problems
might be attributed to
these discharges and
whether treatment, con-
trols or additional moni-
toring would be necessary
or practicable at the levels
measured.

New York has approxi-
mately 61 operating paper
mills. Of these, approxi-
mately 40 or 66 percent
process some amount of re-
cycled papers. The require-
ment for PCB self-moni-
toring was to be imple-
mented through the state's
SPDES permit program

for wastewater discharges. The survey
was restricted to mills with wastewater
discharge permits.

The number of mills using recycled
paper and discharging directly is ap-
proximately 29. A further reduction in
the survey population resulted from the
elimination of mills that could trace re-
cycled paper to a source of virgin fiber
without possible PCB contamination.
This left approximately 18 mills for
permit modification and self-monitor-
ing of PCBs.

The survey was conducted over a
one-year period with samples collected
and analyzed once a month. This fre-
quency and number of samples were
judged satisfactory to determine a reli-
able level and cover a sufficient period,
to be indicative of processing varia-
tions and sources of recycled paper.
The sampling and analysis, although
•xpensive. was not prohibitive for the
number of paper mills involved.

PCBs and Recycled Paper
PCBs were first manufactured m
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boardmills, seven tissue mills, one fine
paper null, one molded products null
and deinked market pulp mill (Table
1).

The fine paper mill and one of the
tissue mills process deinked pulp for a
portion of their pulp. The types of
wastewater treatment ranged from no
treatment with high solids losses to
biological treatment with chemically
aided secondary clarification.

Total paper production of the sur-
veyed mills is 2,100 tons/day (tpd) of
which 1,225 tons or 58 percent is re-
cycled paper (Table 1). The pro-
duction of 2,100 tpd at the surveyed
mills, over the period of the study was

"Many types of paper
currently being recycled
today were possibly originally
manufactured with PCB
contaminated paper
products."

an average of 88 percent of peak capac-
ity.

Detailed paper production and recy-
cled paper use was not available for the
11 state mills using recycled paper and
discharging to municipal systems. It is
estimated, however, that their total
paper production is about 1,000 tpd,
and the recycled paper use is about 600
tpd. Total New York recycled paper
use is, therefore, approximately 1,800
tons/day, and this survey would repre-
sent 68 percent of the state's recycled
paper use tonnage.

The 1,600 tpd of recycled paper is
approximately 25 percent of all, i.e.,
virgin and recycled paper production in
the state and compares closely with the
1976 production in the state and the
1976 nationwide rate of 23 percent of
13.9 mill ion tons/year of recycled
paper2 (Figure 2).

Results
A summary of the analyses is pre-

sented in Table 2 and includes 205 of
the 220 analyses received. Fifteen
analyses were conducted with detect-
abilities above 1 ppb and are not ade-
quate for our purpose. Fifty-nine of the
analyses were reported as positive (not
as less than) results. The remainder
were reported as less than the indi-
cated value. The range of concentra-
tions was <0.01 to 18 ppb.

A high percentage of tests are re-
ported as less than the indicated value,
hampering computations of average
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Table 1
Survey Mill*

Recycled Paper Consumption

Mill Mill Type
A Board (felt)
B Tissue
C GW pulp/

board
0 Board
E Board
F Tissue
G Tissue
H Board
I Board
J Board
K G.W pulp/

molded products
L Tissue
M Oeinked pulp/

fine paper
N Deinked pulp/

tissue
O Oeinked pulp
P Tissue
Q Tissue
R Board

Totals, survey mills
Totals, all New York
state mills using
recycled paper

Total Pulp/
Paper Pro-

duced (Ipd)
450

9

40«5
70

100
30
20

160
90
96

43/50
70

75/400

165/2.100

/3.100

. Recycled
Paper Processed

(tpd)-
33
10

27
74

106
2
4

170
94

103

8
11

88

117
147
24
90

117

1,225

1,800

Recycled
Paper

Production
(days/year)

68
300

300
300
350
350
300
350
300
300

300
300

350

350
350
350
350
350

Consumption
of Recycled

Paper
(ton/year)

2.240
3.000

8.100
22.200
37.100

700
1.200

59.500
28200
30.900

2.400
3.300

30.800

40.950
51.450
8.400

31.500
40.950

402.890

600.000

'Recycled paper consumption obtained from paper production using known shrinkage or
assumed shrinkage of 6 percent.

values and frequency distributions. A
large number of analyses are reported
as less than 1.0 ppb. A useful computa-
tion, therefore, is the percentage of
tests less than 1 ppb PCB. This value is
81 percent for the results from all mills
(Figure 3).

Three mills in the survey group had
no treatment, and one mill inappro-
priately sampled raw waste. Elimina-
tion of the analyses from these mills re-
sults in 85 percent of the remaining
analyses being less than 1.0 ppb.

In order to characterize each mill's
average concentration, median values
were utilized. For the purpose of com-
puting medians, analyses reported as
less than the indicated number were
considered as equal to the number.
Therefore, median values represent a
maximum median. A summary of the
medians is presented in Table 2. With
the exception of Mill E. all mills had a
median concentration of less than 1
ppb. The average of all the mill median
concentrations is 0.76 ppb.

Elimination of the data of the mills
without treatment results in an average
concentration of 0.61 ppb, with all
mills below 1.0 ppb median concentra-
tion.

A number of mills reported all re-

sults with detectabilities of <0.25 ppb
or lower. Calculations with these mills
would reduce the error in the computa-
tion of median and may result in a
closer approximation of a true average
median concentration for paper mills.
As indicated in Table 2. these eight
mills had an average median concen-
tration of 0.45 ppb which is signifi-
cantly lower than the 0.76 ppb concen-
tration using all mills.

When the analyses of the two mills
without treatment in this group are
eliminated, the average median con-
centration is substantially reduced to
0.10 ppb.

The concentration of PCBs in waste-
water effluents is significant from the
considerations of detectability. back-
ground water levels and the practicality
of treatment. The mass of PCBs dis-
.charged, however, is significant for re-
ceiving water and overall ecological ef-
fects. As shown, the total discharge
from all 18 mills in the survey is 43
grams per day or 14 kilograms (30 Ib)
per year. It should be noted that these
values are calculated using median
rather than arithmetic average concen-
trations from each mill and that the
median values are approximations as
explained previously. PCBs discharged
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Table 2
Median PCB Concentrations

of Individual Mills*

Number ol
Number of Positive

Mill

A
B
C
0
E
F
G
H
1
J
K
L
M
N
O
P
Q
R

Total 1"
Total 2"

AnilyM* Analyses

IB
13
12
12
10
14
5

11
10
10
13
11
12
11
12
13
4

14

205
178

3
2
6
5

10
6
1
3
1
1
0
3
4
6
2
4
2
0

59
59

Range
(ppb)

<0 01 -0.38
<0.5-3.0
<0.06-5.0
<0.06-2.6
<0.7-5.7
<0.06-12.0
<1.0-13.0
<1.0-14.0
<1.0-10.5
<0.1-1.0
<0.1-03
<0.01-18.0
<0.05-0.26
<0.1-4.5
< 1.0-0.89
<1.0-1.5
<1.0-2.7
<0.01— <1.0

<0.01 — 18.0 average
<0.01— 18.0 average

'Median is defined as the 50 percent cumulative frequency value
sidered as
be lower.

** Average

equal to the indicated number

1 includes all mills. Average

Median Concentration
(ppb) Mills with Detect-

ability < 1.0 or Lower

0.10
1.0
04
0.05
2.6
1.0
1.0
1.0
1.0
1.0
0.2
01
005
1.0
1.0
1.0
1.0
01

I" 0.76
2" 0.61

however, analyses reported as less

Median Concentration
(ppb) Mill* with Detect-

abllHy<Q.2S or Lower

0.10

0.4
0.05
2.6

.

0.2
0.1
0.05

0.1

0.45
0.10

than indicated numbers were con-
Therefore, the median values represent maximum possible medians. True medians values will

2 eliminates mills B, C, £, O whose results are lor untreated wastewater.

per ton of recycled paper varied widely
with no correlation apparent.

Conclusions
A cumulative frequency distribution

of results from all mills shows about 85
percent of the analyses are 1 ppb or
less. Above I ppb the distribution in-
creased rapidly to a high of IB ppb.
With the exception of Mills E and N,
the high values are distributed some-
what uniformly among the mills and
their occurrence is not readily under-
stood. They may be a result of indi-
vidual highly contaminated purchases
of paper or testing errors. Because they
are relatively infrequent and dis-
tributed among most of the mills, we
have not considered them highly
significant. A PCB concentration of
less than 1 ppb is considered an ac-
curate characterization of all mill's
average discharge, with the exception
of Mill E.

Conclusions from this survey are
summarized as follows:

• The average PCB concentration of
every mill with primary or secondary
treatment is less than 1 ppb.

• The weighted average of dis-
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charges from all mills, using individual
median concentrations is 0.4 ppb or
less.

• Data from the group of mills using
analytical techniques with increased
minimum detectability indicates that
the average concentration of PCBs in
recycled paper mill wastewater may be
as low as 0.1 ppb for mills with treat-
ment.

• The absence of treatment at one
mill (E) may be responsible for its rela-
tively high average PCB concentration
of 2.6 ppb.

• The New York State Department
of Environmental Conservation had
previously concluded that the practical
limit of carbon treatment for PCBs was
1 ppb.

Based on the survey results PCB
wastewater treatment is not practical
for mills with primary or secondary
treatment

• The total discharge of PCBs from
all survey mills is a maximum of 30
Ib/year. The total discharge from all
recycle paper mills in New York state
is estimated at a maximum of 45

Ib/year.

• The New York State Department
of Environmental Conservation does
not have a water quality standard for
PCBs; however, a standard of one pan
per trillion has been previously con-
sidered. This receiving water standard,
if adopted, may necessitate a reevalua-
tion of the need for PCB monitoring
and discharge limitations.

• The Environmental Protection
Agency is investigating the need for
limitations for the paper industry.
Through the EPA's contractor for pulp
and paper standards development, it
has been indicated that PCB effluent
standards will not be proposed. This is
a preliminary judgment; and if stan-
dards are eventually adopted, they will
have to be dealt with by recycled paper
mills nationally. •
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The Persistence of PCBS
BY ROBERT H. BOYLE and JOSEPH H. HIGHLAND

D U R I N G THE HOUSE DEBATE on the Toxic Substances Control Act in
1976, Representative Gilbert Gude, a Maryland Republican, called poly-
chlorinated biphenyls—PCBs-a "mad dog" of the environment. Out of
the sea of chemicals that surround us PCBs alone were singled out by
name: the Toxic Substances Control Act prohibits the manufacturing,
processing, and sale of all PCBs in the United States starting in 1979. As
extraordinary as this ban might seem to some, it still does not even begin
to solve the problem.

In many ways PCBs can serve as the model for the situation that exists
for hundreds of chemicals that now contaminate the environment and
man. Their careless spread is a horrifying lesson in what can happen when
government fails to regulate the use of toxic substances. The United States
will continue to pay the price of PCBs for years: some of the higher chlo-
rinated PCBs may persist for decades.

PCBs are probably the most widespread chemical contaminant known
to mankind. They are tough chemical cousins of DDT, but unlike DOT
they have not been sprayed deliberately but have instead entered the world
through the back door, by discharge, vaporization, leaks, and spills. They
are carcinogenic in laboratory rats and mice.

Widely used by industry because of their resistance to heat, PCBs are
toxic to a wide range of life. Ingestion of PCBs has caused a host of afflic-
tions in humans, including numbness of limbs, deformities of bones and
joints, and stillbirths. Thanks to the ignorance and recklessness'of industry
and government, PCBs have even been found in animate! 1,000 feet down
in the North Atlantic. . ,^ .-̂ .:-%.

Fish and wildlife in many parts of the United States are-contaminated ~~^
with PCBs. Many of the fish stocks of the Great Lakes and numerous river
systems are now officially too dangerous to eat because they contain 5
parts per million (5 ppm) or more of PCBs, the Food and Drug Adminis-
tration's current "temporary tolerance" level for fish products. As of this
writing, the FDA has proposed reducing the temporary tolerance to 2
ppm. This will eventually mean the loss of even greater supplies of fish.

PCBs are literally almost everywhere in the United States. Indeed, the
U.S. Environmental Protection Agency calculates that 91 percent of all
Americans have detectable levels of PCBs in their adipose tissues, and 40.3
percent have at least 1 ppm. Both the percentage of Americans showing

•"<! Bob.rt M. Boyle-Cooyrlantv » o n , n ,w I nvironmentjl Detenu Fund »no Robert M. Boyle.
t>v o<.-nniu,On of Airrea A. Knoof. Inc.



detectable levels of PCBs and the extent
of contamination have been increasing
over the last several years.

Fifty Years of Ignorance

PCBs did not become a matter of ur-
gent national concern until 1975, even
though they had been in use for almost
fifty years. In 1927 Theodore Swann,
of the Federal Phosphorus Company, set
up a pilot plant to supply biphenyl for
use as a heat transfer fluid in the refining
of lubricating oils. Biphenyl is a deriva-
tive of benzene, a liquid aromatic hydro-
carbon found in coal tar. By 1929 Swann
developed polychlorinated biphenyls,
and in 1930 Monsanto took over pro-
duction. Monsanto, which discontinued
production of PCBs in 1977, has sold the
chemical under the trademark name of
Aroclor. PCBs have also been manufac-
tured abroad under various trade names.

PCBs are made by controlled chlori-
nation of biphenyl with anhydrous
chlorine. When biphenyl is chlorinated,
chlorine atoms replace the hydrogen
atoms. Since each biphenyl has ten
hydrogen atoms, as shown in Figure 1,
PCBs may have any number of chJorine
atoms up to ten.

PCBs are among the most stable or-
ganic compounds known to science. This
stability makes them useful to industry
and depresses ecologists. Highly chlori-
nated PCBs are able to persist in the
environment for years because enzymes
are essentially unable to shear the bond-
ing between the chJorine atom and the
biphenyl structure. There are only two
feasible methods known for destroying
PCBs. One is to burn them in a special
incinerator generating temperatures in
the range of 2,000 to 3,000°F. The other
is to expose them to ozone and ultra-
violet light. Of course, neither of these
methods can be used to eliminate PCBs
dispersed in the environment.

Because of their low flammability,
high heat capacity, and low electrical
conductivity, PCBs have obvious advan-
tages as dielectric and heat transfer
fluids. Other properties regarded as favor-
able by industry include low solubility
in water and low vapor pressure. PCBs
are also resistant to acids, alkalies, and
corrosive chemicals. They are insoluble
in ethyl alcohol and water but soluble

FIGURE 1. Biphenyl Molecule.

in fats. Hence, they tend to become
stored in the fatty tissues of organisms.

Because of their industrial properties
PCBs have been used in an extraordinary
variety of products, so broad that almost
no one in the United States has escaped
contact (see box p. 8). Besides deliber-
ate uses, PCBs also turn up accidentally.
They are a by-product of paper recycling.
They have also been found in toilet soaps,
barrier creams, hydrated lime used to
manufacture glass, water-treatment chem-
icals, primer paints, coloring compounds,
industrial degreasers, additives in zinc
alloys, and waxes used in the tool and
die-casting process. According to EPA
calculations, 10 million pounds of PCBs
contaminate the environment each year
through vaporization, leaks, and spills.

In 1971 Monsanto announced it
would restrict PCB sales to so-called
closed-cycle systems, such as capacitors
and transformers. U.S. industry manu-
factures more than 100 million capaci-
tors a year for use in air-conditioning
units, refrigerators, television sets, and
fluorescent light ballasts. PCBs can be
and have been directly discharged into
rivers and streams, municipal sewage
systems, and the atmosphere during the
production of capacitors and trans-
formers. When any of these products
are discarded, they are ordinarily taken
to dumps, where PCBs can leach through
the ground into water or vaporize into
the air. In New York and Michigan, sev-
eral companies drained PCBs from old
transformers, mixed them with crank-
case oil, and sold them to municipalities
as a dust suppressor on roads.

Worker or Industry Lassitude?
As far back as the 1930s, medical re-

ports showed that PCBs were detri-
mental to the health of workers. As Dr.

Barry Commoner, Director of the Center
for the Biology of LJving Systems at
Washington University in St. Louis, has
written, "There is much irony-and
tragedy-in the PCB story, for it shows
that had the scientific community given
enough attention to its earlier effects on
workers, the present ecological hazard
could have been avoided and the long-
term effects of industrial exposures
would now be much better understood."

In a paper published in 1936, Drs. Jack
W. Jones and Herbert S. Alden, of Atlanta,
reported on the case of "O.D.," a 26-year-
old Negro who began working in the dis-
tillation of chlorinated diphenyl (bi-
phenyl) in April 1930. In three years O.D.
developed a severe skin disease, chloracne,
and his body was covered with pustules.
By October 1933, twenty-three of the
twenty-four men working in the manu-
facturing plant had acneform eruptions
on the face and body. In December 1933
O.D. complained of lassitude, loss of appe-
tite, and loss of libido, now classic symp-
toms of PCB poisoning, but as Drs. Jones
and Alden reported, "On examination he
seemed in good general health. His com-
plaint of lassitude was not borne out by
anything more than the usual tempera-
ment of the Negro toward work."

In the August 1943 issue of Indus-
trial Medicine Dr. Leonard Greenburg,
executive director of the Division of
Industrial Hygiene of the New York
State Department of Labor, reported
on outbreaks of chloracne among
workers handling electrical equipment
containing PCBs and the chemically
related chlorinated naphthalenes. "Dur-
ing the past year," Dr. Greenburg wrote,
"the Division of Industrial Hygiene of
the New York State Department of
Labor has conducted an investigation
in two cable plants using chlorinated
naphthalenes and diphenyls. In this
investigation, a large number of cases
of dermatitis were found, and several
deaths due to liver damage among work-
ers in the industry." One of Dr. Green-
burg's main conclusions was that "chlo-
rinated naphthalenes and diphenyls are
in general highly toxic compounds and
must be used with extreme care. Indus-
trial hygienists should make every ef-
fort to see that such exposures are con-
trolled, in so far as humanly possible."
Nothing was done.
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FROM SALMON TO SEALANTS

Even tt U.S. consumers mutt curb their
appetites for those PCB-polluted fish
products rind by PDA as too dangerous
for the dinner table, their frequent con-
tact with * variety of common household
and office product! involuntarily exposes
them to other sources of poryclorinated
biphenyl contamination. In 1975, Karl
E. Bremer, of tht EPA Region V office
in Chicago, listed these past and present
uses of PCBs.-
They may be found in
— transformer and power capacitors
— heat transfer applications
— washable wall coverings and uphols-

tery fabrics
— envelope and tape adhesives
— coatings for ironing board covers
— waterproofers for canvas
— film casting solutions
— insulating tapes
— protective lacquers and epoxy resins
— "carbonless" carton paper

PCBs are also used as
; — hydraulic fluids
; — plasticiiers
; — ceramic and metal laminates
\ — ftameproofers for synthetic yams
; — additives in xerographic processing
; — additives in caulking and fireproof ing

sealant*

Swedish Detective
Although PCBs began entering the

environment soon after they were first
manufactured, they were not detected
in the environment until 1966. The
detection took place not in the United
States but in Sweden. In 1964 the
Royal Swedish Commission on Natural
Resources asked Dr. Soren Jensen, an
analytical chemist at the University of
Stockholm, to determine the levels of
DOT and other chlorinated pesticides
in human fat and in wildlife. Using gas
chromatography, in which peaks traced
on a graph represent individual chemi-
cal components, Dr. Jensen soon dis-
covered, by his own account, "numer-
ous peaks whose retention times did
not agree with any of the known chlo-
rinated pesticides." None of these
peaks was described in any of the liter-
ature, so Jensen had to play detective.

He asked the assistance of ecologists
at the Swedish Museum of Natural His-
tory. They collected fish, in this instance
pike, from the south of Sweden and from

Lapland, in the re la t ively unpolluted
north. All the pike showed traces of the
unknown compounds, but the far ther
north the samples of pike, the lower the
levels of residues. Reasoning that the
compounds might possibly be unknown
metabolites of pesticides, Jensen tested
this hypothesis by analyzing single
feathers from white-tailed eagles col-
lected by the museum from 1888 to the
present. The unknown compounds were
found in the feather of an eagle collected
in 1942 and in eagle feathers from sub-
sequent years, but since chlorinated
pesticides had not been introduced until
1945, Jensen knew that the compounds
could not be their metabolites.

By chance a white-tailed eagle was
found dead in the Stockholm archipelago,
and Jensen had the opportunity to ex-
amine the whole bird. He discovered that
it contained enormous amounts of the
unknown compounds. He was able to
recognize the presence of chlorine from
the unusual isotopic pattern, and by
using a series of equations he determined
the molecular weights of the parent
hydrocarbons. Given the molecular
weights, the most plausible formula for
the parent hydrocarbon was biphenyl.
Logically, then, the unknown substances
were polychlorinated biphenyls. Jensen
confirmed the identification by injecting
a PCB mixture into the mass spectro-
meter. Gas chromatographic studies also
showed that the mixture gave peaks
"with retention times identical to those
of the unknown peaks from the white-
tailed eagle and the other species investi-
gated." Jensen published his findings in
New Scientist in 1966.

Second Thoughts
After the appearance of Jensen's

paper, scientists in the Netherlands, Eng-
land, Scotland, and the United States
began their own investigations. Dr.
Robert Risebrough, of the University of
California at Berkeley, did important
work on West Coast peregrine falcons.
A paper of his prompted Monsanto to
issue a statement scoffing at both his
research and Jensen's. "The conclusions
of these scientists are puizling from sev-
eral aspects," Monsanto said. "Polychlo-
rinated biphenyls are stable chemical
compounds which are essentially insol.
uble in water. Their use does not make

them easily released into the n a t u r a l
environment... . It has also been im-
plied that polychlorinated biphenyls are
'highly toxic' chemicals. This is not true."

In the January/February 1970 issue
of Environment, Risebrough published
an article summarizing knowledge to
date about PCBs. He called for the estab-
lishment of tolerance levels of PCBs in
food, and he warned: "The possible PCB
hazard, like so many environmental haz-
ards, is one of long-term, low-level ex-
posure and perhaps of effects from its
combination with other poisons. There
is also the more indirect, but no less real
danger of destroying other forms of life-
part of the vast interconnected web of
species of which man is but one part and
on which he depends."

Risebrough took particular note of
the ability of PCBs to stimulate or induce
the production of enzymes in the livers
of birds and rats. "Induction of these
enzymes would be one of the expected
effects of the polychlorinated biphenyls
in people," he wrote.

In the early spring of 1970, John R.
Clark, then assistant director of the U.S.
Marine Gamefish Laboratory at Sandy
Hook, New Jersey, suggested to Robert
H. Boyle, a senior writer at Sports Illus-
trated, that the magazine have the eggs
and flesh of coastal gamefish tested for
residues of DDT and other chlorinated
hydrocarbon pesticides. It was high levels
of DDT in Lake Michigan coho salmon
that caused Gark's concern. Boyle spoke
to the editors at the magazine, and they
assented. The WARF (Wisconsin Alumni
Research Foundation) Institute in Madi-
son, Wisconsin, a leading analytical lab-
oratory, agreed to test the fish, and in
May 1970Sportt77/uimzr«/correspon-
dents collected fish from the Atlantic,
Gulf, and Pacific coasts and shipped them
to the WARF Institute. As a result of
reading Risebrough's PCB article in
Environment, Boyle asked the WARF
Institute to check the flesh and eggs for
PCBs.'fie also asked that the fish be
tested for methyl mercury.

The October 26,1970, issue of Sports
Illustrated carffed a long article by Boyle
reporting on the findings of the WARF
Insifute. The tests revealed that a num-
ber of fish species contained PCBs.
Striped bass from the Hudson had espe-
cially high levels. They averaged 11A
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ppm of PCBs in their eggs and 4.01 ppm
in the flesh.

Because Boyle held a scientific license
to seine fish from the Hudson River, he
was required to make an annual report
to the state conservation department, and
on February 17, 1971, he wrote to Carl
Parker, chief of the Bureau of Fish, and
reported on the levels of PCB and DOT
in the striped bass eggs. "These are grim
figures," Boyle wrote, "and I certainly
think the state should warn fishermen
not to eat striped bass eggs." He also
informed Parker that the levels in the
flesh were "not great reading" and sug-
gested he read the article in full. In reply,
Parker scoffed at the WARF findings as
unproven allegations.

"Deep Trout"
Despite Parker's response, documents

later obtained from the Department of
Environmental Conservation (DEC) re-
vealed that the state had begun collec-
ting Hudson River fish as early as the
summer of 1970, although PCB analysis
was not conducted until 1972. Tests
conducted then showed that eleven of
twenty-nine largemouth bass from the
Hudson had PCB levels in excess of 5
ppm in their flesh. One largemouth had
53.81 ppm. Other 1972 findings in-
cluded a small mouth bass with 17.58
ppm of PCBs, a striped bass with 10.48
ppm, a northern pike with 17.78 ppm,
and four sturgeon with levels ranging
from 5.73 to 7.03 ppm. Out of fifteen
white perch tested, seven had excessive
levels. Not a word was said to the pub-
he. Nor was the public informed that,
in 1974 and 1975, the DEC found ex-
cessive residues of PCBs in Hudson
River striped bass. The highest level
was 49.63 ppm.

The September 29,1972, issue of
Science carried a paper by four Cornell
scientists reporting that all lake trout

ROBERT H. BOYLE is • senior writer it
Sports Illuttnted. JOSEPH H. HIGH-
LAND is the chairman of the Toxic
Chemicals Program at the Environmental
Defense Fund in Washington, D.C. This
article is an abridged version of • chapter
from the Environmental Defense Fund's
new book, Mtlignint Neglect, about en-
vironmental health hazards and what can
be done about them.

By usinf (as chromato(raphy for separation and analysis, chemists can determine the levels of
chlorinated compounds In human fat and In wildlife.

tested from Cayuga Lake contained
PCBs and that there was a "highly sig-
nificant" correlation between the levels
of PCBs and the age of the fish. Al-
though Cayuga Lake is well known in
New York for its trout fishing, no one
in the DEC bothered to call the Cornell
scientists to ask about their findings.

The conservation department sup-
pressed information on excessive levels
of PCBs detected in Lake Ontario coho
and Chinook salmon in the early 1970s.
In 1975 a scientist, who requested ano-
nymity (and thus received the code
name of Deep Trout), gave Boyle copies
of analyses performed on the salmon by
the department's Rome Pollution Lab-
oratory between December 23, 1971,
and September 26, 1973.

All fish except one had PCB levels
in excess of the 5.00 ppm tolerance level
established by FDA. There was not a
word from the state to anglers. The DEC

was busy extolling the wonderful salmon
fishery it had established for anglers in
Lake Ontario.

Undoubtedly there were other reasons
why the state did not go public about
PCB contamination of waters in New
York. For one, it might have hurt license
sales, and the DEC is dependent upon
fishing license revenues for income. For
another, the truth of the situation might
have reflected poorly on Governor
Nelson A. Rockefeller and other mem-
bers of his administration, who had
promised in 1965, after voters approved
the billion-dollar "Pure Waters" bond
issue, that all the waters of the state
would be dean by 1972.

Throughout all this there was one
recalcitrant scientist within the conser-
vation department. Wildlife pathologist
Dr. Ward B. Stone had warned his
superiors for years that PCBs were a
menace. He had fired off warnings as
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far back as 1970, but despi te all his
memos. his efforts were, in Stone's word,
"futile." "No one really cared," says
Stone. In one very typically blunt memo,
he advised: "I hope the department be-
gins to take some of these toxic problems
seriously ... because it is doubtful these
problems can be put off. In fact, they
already have been put off far too long."
The state continued to put off any re-
sponse to the problem.

Sounding the Warning

In May 1974 the EPA held a hearing
on toxic pollutant effluent standards;
PCBs were a major issue. By now indus-
try was beginning to have second
thoughts about PCBs, and some indica-
tion of the threat that PCBs were pos-
ing to the environment and human
health can be gleaned from an answer
given by Dr. James H. Wright, a chem-
ical engineer with the Westinghouse
Electric Corporation. Asked by EPA
attorney Alan Eckert, "When you took
these steps to prevent the discharge of
PCBs, did you attempt to flush out or
clean sewers contaminated with PCBs
from old operations?" Dr. Wright
answered, "I would be the most fright-
ened man in the world to recommend
the flushing out of old lines and old
drains."

Dr. Wright's startling reply drew no
public attention, but the answers given
by the next industry witness, Dr. Edward
L. Simons, who appeared for General
Electric, eventually helped give rise to
national public alarm. In the course of
his testimony Dr. Simons testified that
a GE transformer plant in Rome,
Georgia, was discharging PCBs into the
Oostanaula River "on the order of one
pound per day." The effect on organ-
isms living in the river was not known
because, as Dr. Simons admitted: "We
have made no measurements of biota
for any facility of the General Electric
Company."

Simons also testified-that another
GE transformer plant, in Pittsfield,
Massachusetts, released PCBs into the
Housatonic River. In the vicinity of the
outfalls, according to "occasional sam-
ples" by GE, the river's water contained
between 1 and 3 ppb (parts per billion)
of PCBs, while levels in the river sedi-

Interior Dept.—Nit'1 Park Svc.

ments varied from 130 to 1,300 ppm.
At "a distance of something between
one and six miles" downstream, PCBs
were "not detectable" in the water, but
PCB levels in the river sediments were
between 30 and 60 ppm. Simons pointed
out that the Pittsfield plant was releas-
ing an average of 0.1 pound per day of
PCBs into the Housatonic, with "occa-
sional excursions as high as 0.8 pounds
per day." These answers were horren-
dous enough to anyone acquainted with
the toxic properties of PCBs, but the
most dramatic moment in the hearing
came when Eckert asked Simons about
two GE capacitor plants at Fort Edward
and Hudson Falls, New York, on the
Hudson River. Simons replied that the
two plants were discharging twenty-five
to thirty pounds a day to the river on
the average.

National Breakthrough

This was to be the breakthrough
nationally on PCBs, although GE's
dumping of PCBs into the Hudson was
to be subject to more bureaucratic twists
and turns. In a memo dated May 31,1974,
Sandra P. Kunsberg, an attorney in the
Water Envorcement Branch of the EPA
Region II office, wrote to Dr. Richard
Spears, chief of the Surveillance and
Analysis Division:
Following the f toxic pollutant effluent
standards I hearings (at which CE ad-
mitted dumping PCBs], in a memoran-
dum from Alan Eckert to Meyer Scolnick,

the Office of Enforcement and General
Counsel in i\'ew York recommended that
this office undertake a careful investiga-
tion of PCB discharges from the Fort
Edward and Hudson Falls facilities to
determine whether or not there exists a
health hazard within the meaning of
Section 504 of the FWPCA {Federal
Water Pollution Control Act I.

Section 504 authorizes the adminis-
trator of the EPA to sue to restrain per-
sons whose pollution of waters causes
"substantial endangerment to the health
of persons or to the welfare of persons,
where such endangerment is to the live-
lihood of such persons." Dr. Royal J.
Nadeau and Robert F. Davis, of the
Region II EPA Laboratory, conducted
the recommended investigation, and
they reported, based on GE figures, that
the Fort Edward plant was discharging
up to 30 pounds a day of PCBs into the
Hudson River, while the Hudson Falls
plant was discharging up to 17.6 pounds.
Minnows they collected below the GE
discharge averaged 78 ppm of PCBs,
while a rock bass contained 340 ppm of
PCBs. Nadeau and Davis wrote, "The
PCB level in the rock bass is greater than
the maximum level documented for fish
taken from any industrial river in the
U.S.... This represents a new record
for PCB contamination of fresh water
fish." They noted that youngsters from
Fort Edward fished areas downstream
and that "ingestion of these fish by the
populace would certainly lead to con-
tamination of specific tissues in their
bodies."

Nadeau and Davis submitted their
report to the EPA Region II office, but
effective action was slow in coming.
Richard Rye, the chief of the Region II
Water Enforcement Branch, apparently
saw little reason to raise a fuss. As he
remarked afterward, "From some of the
evidence I've seen, you can eat PCBs just
like an ice cream cone."

Months passed, but the Nadeau-
Davis report was not forgotten. It
shocked scientists at the EPA National
Water Quality Laboratory in Duluth,
Minnesota, and when no action was
forthcoming, Dr. Gilman Veith of the
lab wrote a "review" of the Nadeau-
Davis report on July 7,1975.
77m field investigation has revealed the
largest source of PCBs into the aquatic
environment that I know of.... It is
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my opinion that this report has been
written in a conservative manner and
does not by itself adequately describe
the significance of the G.E. discharge
into the Hudson River. . . . The river for
many miles downstream from the G.E.
discharge could be contaminated with
PCBs at levels one hundred times over
the 10 ppt /parts per trillion] guideline
set forth by EPA in 1972 and a thou-
sand times higher than the recom-
mended "water quality criteria, (of 1 ppt/.

Veith's review was forwarded to the
Region II office, and the bureaucrats
there finally realized that the Nadeau-
Davis report was too explosive to con-
tain. The regional administrator, Gerald
Hansler, thereupon finally passed it on
to Ogden R. Reid, the new commissioner
of the Department of Environmental
Conservation.

The report astounded Reid, who
began a preliminary investigation of his
own. He soon learned that the depart-
ment had known for several years that
striped bass from the Hudson and coho
and Chinook salmon from Lake Ontario
were heavily contaminated by PCBs.
Reporter Richard Severe, of the New
York Times, persuaded Reid to give him
the story, and on August 8,1975, Severe
broke it on the front page. In the story
Reid warned the public against eating
stripers from the Hudson or salmon
from Lake Ontario because they con-
tained more than 5 ppm of PCBs, the
PDA's temporary tolerance for fish.
With the appearance of that warning on
the front page of the New York Times,
PCBs at last became a national issue.

Complaints and Compliance

Even after Reid's warning, EPA
bureaucrats were less than helpful.
Thomas Whyatt and John Harris-Cronin,
of the Hudson River sloop Oearwater,
began an investigation. When Harris-
Cronin went to the EPA office in Man-
hattan to request a copy of the Nadeau-
Davis report, Richard Flye told Harris-
Cronin he would have to submit his
request in writing. Aware of EPA run-
around tactics, Harris-Cronin had had
the foresight to bring stationery with
him, and he immediately wrote out the
request on the spot. Flye looked at the
letter and then said to Harris-Crorun that

under the Freedom of Information Act
"we have 10 days to decide whether or
not to honor your request, and the tac-
tic we're going to employ with you is
to use them all."

In Albany, Commissioner Reid
learned, to his shock and dismay, that
the New York State Department of
Health had given the GE plants a water
quality certification in 1971, and in
1973 the chief of the enforcement sec-
tion of the Division of Pure Waters in the
DEC had done the same. Still Reid had
the DEC bring a complaint against GE,
accusing the company of violating state
water quality standards and the Envi-
ronmental Conservation Law. Professor
Abraham Sofaer, of Columbia University
Law School, served as the hearing officer
in the case, which began in the fall of
1975.

The case did not go well for GE. In
an affidavit the company admitted that
65 employees had become ill in the two
plants in the course of a fifteen-year
period under conditions that "may have -
been caused or aggravated by exposure
to PCBs." Of approximately 1,300 em-
ployees, 49 had complained of "allergic
dermatitis," and 16 others had reported
suffering from fungus, nausea, asthmatic
bronchitis^.ajid nasal and eye irritations.
Another setback for GE came when
Dr. Geral&J. Lauer, vice-president of
Ecological Analysis Inc., later charac-
terized by Professcu-Sofaer in his deci-

U.S. Fltn t, WII<lllf»Cfrc./Georg« B. K*l«

sion as "a f i rm that engages for profit
in preparing testimony for corporations
in environmental litigation," testified

^average concentrations of PCBs
lible portions of fish sampled

from the river were well below the FDA
guideline of 5 ppm. During cross exam-
ination by Sarah Chasis, of the Natural
Resources Defense Council, and Philip
Gitlen, of the DEC, Lauer admitted that
there had been some omissions and
errors in his data. The fish sampled had
been tested by Woodson-Tenent Labo-
ratories in Memphis, Tennessee, and as
Lauer put it, "I got most of my data
over the phone." He admitted that levels
in four fish were well over the FDA
limit of 5 ppm, with levels of 66 ppm,
75 ppm, 112.1 ppm, and 143.2 ppm.
GE's lawyer, N. Earle Evans, Jr., was so
taken aback at "the cloud" over the
data that he offered to consent to a
withdrawal motion of the data. GE also
agreed to request that Woodson-Tenent
prepare a complete analysis of all its
Hudson River samples. The laboratory
did, and several fish had more than 100
ppm in their edible flesh, while concen-
trations in what GE called "non-edible"
tissues reached as high as 1,178ppm!

In February^ 1976 Professor Sofaer
rendered his decision and found GE
guilty of violating state water quality
standards. "PCBs are toxic substances,"
Sofaer wrote in his decision, "capable
in sufficient quantities of causing skin
lesions, destroying cells in vital body
organs, adversely affecting reproduction,
and inducing cancer and death."

A new hearing was ordered to deter-
mine what steps the company should
take to rid the Hudson of an estimated
500,000 pounds of PCBs lodged in the
riverbed silt and backwaters. The case
was settled by Reid's successor. Peter
Berle, in September 1976, when GE
agreed to pay the state S3 million in cash
and contribute an additional $1 million
in research. The DEC for its part agreed
to contribute S3 million of its own,
making the total clean-up package $7
million.

Inasmuch as estimates for dredging
the entire contaminated section of the
upper Hudson now range up to S204
million, S7 million might seem a paltry
sum. But legally pursuing the case fur-
ther posed problems, since the state
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NO END IN SIGHT

With passage of the Toxic Substances Control Act (TSCA) and the curtail-
ment of commercial PCS production, focus on the PCB problem has shifted
away from the problems associated with the discharge of PCBs into the na-
tion's waterways during the manufacturing process to the hazards posed by
the continued use and eventual disposal of PCBs. While PCBs and PCB-con-
taining products were being commercially produced, most of the concern
about environmental degradation and adverse effects on human health cen-
tered on the direct contamination of streams and rivers, and the subsequent
bioaccumulation of PCBs in fish. Many streams, rivers, and lakes throughout
the United States have been so contaminated that fish from these bodies of
water continue to exceed FDA tolerance limits.

During the first six months of 1979, two major lawsuits were filed as part
of a continuing effort to make the federal government handle the PCB prob-
lem more responsibly and effectively. The first, filed in January by the En-
vironmental Defense Fund (EOF) in the U.S. Court of Appeals for the Dis-
trict of Columbia, seeks to compel the promulgation of a final regulation re-
vising the current tolerances for PCBs in food. The Food and Drug Adminis-
tration (FDA) first promulgated tolerances for PCBs in food in 1972; in 1977
they proposed to lower these tolerances because new scientific data showed
that PCBs were cancinogenic and caused learning and behavioral difficulties
in infant monkeys nursed on PCB-contaminated milk. However, after more
than two years, the FDA still has not finalized these regulations. EDF is there-
fore seeking a coun order directing the FDA to promulgate final revised tol-
erances.

In a related matter, EDF has asked the U.S. Court of Appeals for the Dis-
trict of Columbia to review the Environmental Protection Agency's (EPA)
new regulations governing the future use and disposal of PCBs. Under § 6 of
TSCA, EPA was given authority to put an end to the manufacture and use of
PCBs over a two-and-a half year period, and to make sure that future disposal
was conducted in an environmentally safe manner. After months of delay,
EPA has at last promulgated its final ban regulations. But because of their
obvious inadequacy, EDF is now seeking a court order sending the regula-
tions back to the Agency for revision. It is dear from the new PCB ban regu-
lations that most current uses of polychlorinated biphenyls will continue as
long as the present PCB equipment remains in service. While most of the con-
tinued use authorizations are limited to five years, EPA has indicated a will-
ingness to grant further extensions where the equipment remains usable. Of
the estimated 750,850,000 pounds of PCBs still in use, only 5,430,000
pounds are banned immediately from further use. Thus, more than 99 percent
of the PCBs currently in existence will continue to be used. In addition, many
millions of pounds of PCBs will go totally unregulated. It is estimated, for in-
stance, that there are 450,000,000 pounds of PCBs in capacitors of varying
size. Of this total, 282,500,000 pounds are covered by the regulations—albeit
inadequately. This means that 167,500,000 pounds of PCBs will go totally
unregulated. Neither their use nor their disposal will be regulated to ensure
that they do not add to the already high environmental burden of PCBs.

itself was culpable for having given CE
water quality certifications.

GE agreed to discontinue the use of
PCBs at Hudson Falls and Fort Edward
on or before July 1,1977. Independent
scientists and environmentalists were
appointed to serve on an advisory board
to explore ways to rid the river of PCBs,
but barring some miracle, the Hudson
will not be free of PCBs for decades.

Beyond the Hudson

A number of The fish species in the
Hudson migrate in and out of the river
system and a fish can quickly become
contaminated by PCBs by taking in bot-
tom sediments, eating lesser organisms
that are polluted, or simply swimming
through contaminated water. PCBs
bioaccumulate in fish, so that the levels

of contamination can become far higher
than the PCB concentrations to which
the fish are exposed.

Interestingly, stripers that spawn in
the Hudson migrate as far north as Mas-
sachusetts, possibly Maine, and as far
south as New Jersey, possibly Delaware.
The Oak Ridge National Laboratory has
estimated that Hudson-spawned stripers
constitute from SO to 90 percent of the
bass caught in Long Island Sound and
off the south shore of Long Island and
the northern New Jersey coast. These
Hudson River fish pose a threat, then, to
fishermen, who may eat them after they
are caught in supposedly "clean" far
from the Hudson.

Although the Hudson is the most
dramatic case of PCB pollution, there
axe numerous other bodies of water
with severe problems. The U.S. Fish
and Wildfire Service, which regards the
presence of one-half part per million
(O.S ppm) in a fish egg as a source of
biological trouble, maintains one hun-
dred monitoring stations across the
United States, and trouble spots have
ranged from the Merrimack River in
Massachusetts to the Saint Johns River
in Florida on the Atlantic Coast, from
the Apalachicola in the Florida pan-
handle to the Rio Grande on the Gulf
Coast, and from the Sacramento to the
Columbia and the Snake on the Pacific
Coast. Inland drainage systems, such as
the Mississippi, Missouri, and Ohio sys-
tem, have their trouble spots. Even the
Yukon River in Alaska is affected, as are
parts of the Atlantic, Gulf, and Pacific
coasts.

Much of the Great Lakes system, the
single largest supply of fresh water in
the world, is contaminated. The Great
Lakes states restricted the use of DDT
in 1970, and by 1975 DDT levels had
dropped 87 percent in Lake Michigan
fish. By contrast, PCB levels have re-
mained ominously high. According to
scientists at the EPA National Water
Quality Laboratory in Duluth, all Lake
Michigan trout and salmon greater than
twelve inches in length exceed the FDA
limit on PCBs of 5 ppm. PCBs enter
Lake Michigan by various routes, of
which atmospheric transport is probably
the most important. Dr. Thomas J.
Murphy, of DePaul University, estimates
that almost half the estimated 2,800
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The FOA and U.S. Department of Agriculture have reported incidents of PCB contamination of
poultry. When inspection reveals high levels of PCBs in the birds, their products must be kept
from the market and destroyed.

pounds of PCBs that contaminate the
lake each year enter through precipita-
tion. Up to 0.20 ppb of PCBs have been
found in snow falling on Milwaukee.

Even Lake Superior, which has the
largest surface acreage of any freshwater
body in the world and relatively little
industry along its shores, has a PCB
problem. Large lake trout often contain
more than 5 ppm of PCBs. Two-thirds
of the Superior basin is the lake itself,
and the belief is that PCBs are entering
the lake via atmospheric transport.

Testing Mother's Milk
In addition to PCB contamination of

fish and wildlife the U.S. Food and Drug
Administration and the U.S. Department
of Agriculture have reported numerous
specific incidents of PCB contamination
of food. For instance:

In 1970 the Campbell Soup Company
detected high levels of PCBs in chickens
raised in New York State. As a result,
146,000 chickens were destroyed.

In July 1971 the Monsanto Chemical
Company informed the FOA (hat large
amounts of fish meal might have become
contaminated with PCBs during pasteur-
ization as a result of a leak in a heating
system in Wilmington, North Carolina.
The FDA discovered that the leak began
in April and continued through July.
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More than 123,000 pounds of egg
products and 88,000 chickens had to
be destroyed.

In 1971 the FDA also learned that
high levels of PCBs, up to 20 ppm, had
been found in turkeys by the USDA and
Swift and Company. About 50,000 birds
were kept from market.

Research of the utmost significance
has been done by Dr. James R. Alien and

his colleagues at the University of Wis-
consin Medical School. This research,
which has been underway for several
years, involves the use of rhesus mon-
keys, nonhuman primates, as the test
animals, and their close relationship to
man is of importance. Alien and his col-
leagues fed six rhesus monkeys food
containing 25 ppm of Aioclor 1248 for
two months. The monkeys developed
facial swelling, loss of hair, including
their eyelashes, and acne lesions within
a month. One of the monkeys died from
PCB intoxication two months after going
off the PCB diet.

In another experiment the scientists
fed two groups of female rhesus mon-
keys food containing 5 ppm and 2.5
ppm of Aroclor 1248. Within two
months both groups of monkeys had
lost hair from the face and neck, and
their skin was of "a sandpaperlike tex-
ture." Both groups developed acne,
although the 2.5 ppm group developed
the lesions later in time as the PCBs
accumulated. In six months' time ail the
monkeys in both groups were bred to
control males that had not been fed
PCBs. Six of the eight 5 ppm females
became pregnant. Four of the six preg-
nant females aborted or resorbed the
fetus, one gave birth to a stillborn, and

(continued on page 37)

U.S. Fish and Wildlife Service gamefish management biologists collect Information on migration
patterns and other biological dau at the Cottonwood Creek monitoring weir near Palmer, Alaska.
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PCBs
(continued from page 13)

one to a very undersized infant. All
eight monkeys in the 2.5 ppm group
became pregnant, and of these, two
resorbed the fetus, one aborted, and
five gave birth to undersized infants.
These five infants and the one survivor
of the 5 ppm group were permitted to
nurse on their mothers. The survivor of
the S ppm group and two of the 2-5
ppm infants died while nursing. After
weaning, the three remaining infants
exhibited both behavioral and learning
disabilities. They were hyperactive and
did not learn various tasks as well as
control monkeys under the same con-
ditions.

The Environmental Protection
Agency began testing the milk of human
mothers in 1976. Preliminary results
indicated that essentially all samples of
mother's milk had detectable levels of
PCBs. Indeed, the average, 1.8 ppm,
gives an infant seven times the amount
permitted in cow's milk by the Food
and Drug Administration. One nursing
mother in Michigan had 10.6 ppm of
PCBs in her milk, and that dosage
approaches the levels that caused learn-
ing disabilities and hyperactivity in two
groups of monkeys studied by Alien.

No one knows what effect PCBs may
have as an additive or synergist with
other contaminants widely present in
mother's milk, such as aldrin, dieldrin,
or hexachlorobenzene. Indeed, any level
of any carcinogenic agent in a nursing
infant or any other human should be
viewed with concern.

A Continuing Problem

Under the U.S. Toxic Substances
Control Act, which became law in the
fall of 1976, PCB sale, manufacture, or
use in anything but closed systems was
prohibited in 1978, and for all uses in
1979. But this ban, as noted previously,
does not even begin to solve the prob-
lem. There is, for instance, no compre-
hensive national recovery program for

the 758 million pounds of PCBs cur-
rently in use. There is no program to
deal with the 290 million pounds in
dumps and landfills and the 150 million
pounds in soils, water, and air. The EPA
has even needlessly delayed action it
proposed to take months ago under the
Toxic Substances Control Act.

A number of agencies are remiss in
affording more immediate protection to
the public. In 1973 the Food and Drug
Administration set temporary tolerances
for PCBs in food and food packaging
materials. In light of current scientific
evidence on the carcinogenicity of
PCBs and their effect on nonhuman pri-
mates, these action levels must now be
considered woefully obsolete. In more
recent times the PDA has been reviewing
the latest scientific information to deter-
mine if the action levels should be re-
vised, and the agency in 1977 put forth ^
the proposal that the action level in fish
be reduced from 5 ppm to 2 ppm. No
final action on this proposal has been
taken. In addition, 2 ppm of PCBs
would still be unsafe. Even existing FDA
coverage must be considered incomplete.
There is, for example, no standard for
PCBs in beef, or in water used in food
or drug manufacturing.

For several years the EPA has been
aware of air pollution problems occur-
ring from the use of PCBs, but to date
the agency has taken no action to cur-
tail emissions. Neither has the EPA
taken action to set standards with
respect to the level of PCBs permissible
in human drinking water. Indeed, the
EPA has suggested that it not regulate
the disposal of approximately 150 mil-
lion pounds of PCBs in small capacitors
and light ballasts.

Given the record of government
failure and industrial negligence, PCBs
are free to poison the environment and
human beings for decades to come. A
new and vigorous approach to the prob-
lem is imperative.

BIBLIOGRAPHICAL NOTE__________
The literature on this contaminant has

become a growth industry- The paper that
prompted worldwide investigation and con-
cern is Soren Jensen. "Report of a New Chem-
ical Hazard." New Scientist 32 (1966): 612.
Jensen*s description of how he isolated and
identified the contaminant is to be found in
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(us jruclf. "The PCB Slory." Ambio 1, no. 4
(Aucust 1 9 7 2 ) : 1 23-1 31. The time uau« of
Ambio contain* Genjyu Umed»'s "PCB
Poiiomne "i Japan" on pp. 132-134. Barry
Commoner. "Workplace Burden." Environ-
ment 15. no. 6 (July-Aueust 1973): 15-20.
raised anew old questions about PCBi as a
hazard to human health by citing J. W. Jones
and H. S. Alden. "Acneform Dermatercoais."
Archives of Dermatology •"<* SypbJlology 33.
no. 6 (1936): 1.022-1.034: and Leonard
Greenburg. "Chlorinated Naphthalenes and
Diphenyls." Industrial Medicine 12. no. 8
(August 1943): 520-521. Robert Risebroukh.
with Virginia Brodine. brought PCBs to pub-
be attention in the U.S. in "More Letters in
the Wind." Environment 12. no. 1 (January-
February 1970): 16-27.

The testimony of James H. Wright of
Wesu'nghouse and Edward L. Simons of
General Electric is to be found in "Transcript
of Proceedings, United States of America.
Environmental Protection Agency. In the
Matter of: Toxic Pollutant Effluent Standards.
Docket no. 1" (Arlington, Virginia. 8 May
1974). The decision of Abraham D. Sofaer on
GE's pollution of the Hudson River is entitled
"State of New York Department of Environ-
mental Conservation. In the Matter of Alleged
Violations of Sections 17-0501. 17-O511 and
11-O503 of the Environmental Conservation
Law of the State of New York by: General
Electric Company. Respondent; Interim
Opinion and Order. File no. 2833" (Albany.
N.Y.. 9 February 1976).

The volume entitled National Conference
on Polychlorinated Biphenyla, Chicago. 19-21
November 1975. Report no. EPA-560/6-7S-
OO4 (Washington. D. C.: Office of Toxic Sub-
stances. EPA. March 1976), contains a wealth
of papers on all aspects of PCBs. Among them
are Masanori Kuratsune, Yoshito Masuda. and
Junya Nagayama. "Some of the Recent Find-
in p Concerning Yusho" [Yusho disease
resulting from the ingestion of contaminated
rice oil affected 15,000 people in Japan in
1968); Renate KJmbrough. "Pathological
Findings Associated with Chronic Experi-
mental Exposure to PCBs": James R. Alien
and D. H. Norback. "Patboblological
Responses of Primate* to Polychlorinated
Biphenyl Exposure": Frederick W. Kutz and
S- C. Strassman, "Residues of Polychlorinated
Biphenyls in the General Population of the
United States"; and Chade* R. Walker. "The
Occurrence of PCBs In the National Fish and
Wildlife Monitoring Program."

Dons J. Finlay. Frederick H. Siff. and
Vincent J. DfCarlo. Review of PCB Levels
in the Environment, Report no. EPA-560/
7-76-O01 (Washington. D.C.: Office of Toxic
Substances. EPA. January 1976), contains
information of value that has, in some in-
stances at least, failed to reach the public,
for example, the data showing PCB contam-
ination to be "both widespread and at high
levels" throughout the state of Connecticut.

Versar. Inc.. prepared PCBs in the United
States Industrial Use and Environmental Dis-
tribution, Report no. EPA-560/6-76-OO5
(Washington. D.C.: Office of Toxic Sub-
stances. EPA. 25 February 1976). which
offers * history of the production, usage, and
distribution of PCBs. dating back to Theodore
S warm's efforts in the 1920s. The U.S. Gov-
ernment Printing Office published Poly-
chlorinated Biphenyls (PCB), Hearings Before
the Subcommittee on Fisheries and Wildlife
Conservation and the Environment, Com-
mittee on Merchant Marine and Fisheries,
House of Representatives. 94th Cong.. 2d sesa..
28-30 January 1976. Serial no. 94-24. in
which various witnesses, such as Representa-
tive Richard Ottinger and John Harris-donin,
a Hudson River conservationlit. attacked
EPA for its "scandalous and deplorable epi-
sode of inaction and ineffectiveness." PCB
contamination of Canadian fish, wildlife, and
humans is documented in Background to the
Regulations of Polrchlorinated Biphenyls
(PCB) in Canada, Technical Report no. 76-1.
Environment Canada, 1 April 1976. Perhaps
the most comprehensive work summarizing
the physical and biological properties of PCBs
is to be found in Dr. lan T. C. Nesbifs Criteria
Document on PCBs, written for the EPA in
1976.

In June 1978 the New York Academy of
Sciences held an International Conference on
Health Effects of Halogenated Aromatic
Hydrocarbons. Among the paper* presented
were Marcus and Dora Wasserman, "World
PCB Map—Storage in Man and His Biologic
Environment in the Seventies": Harukuni
Urabe and Masakazu Ashi, "Present State of
Yusho Patients"; S. Alt Fischbein, Mary Snow
Wolff. Ruth l..illli. Irving J. Selikoff. and John
Thomton. "Clinical Findings Among PCB-
Exposed Workers in a Capacitor Manufactur-
ing Facility"; and Albert Miller. Raphael
Warshaw. S. Alt Fischbein. and John Thom-
ton. "Decrease in Vital Capacity in PCB-
Exposed Workers in a Capacitor Manufac-
turing Facility."

Overview—China
(continued from page 5)

mountain areas are interspersed with
industrial plants emitting dense plumes.

Third, EPO is dealing with current
pollution problems by encouraging
modification of raw materials, process
change, and by-product recovery; sup-
porting the research needed to solve
certain problems; and monitoring indus-
trial activities. Fourth, it proposes new
environmental initiatives whenever
necessary.

.the environment management prob-
lem we discussed most often was how to
obtain industrial compliance with pollu-
tion control plans. Apparently many
plant managers are not convinced that
the additional costs of production
entailed by the installation of pollution
control equipment are a worthwhile
investment. They are more influenced
by directives calling for keeping produc-
tion costs low than by the public rela-
tions campaign calling for industry to
serve the best interests of the people.

The EPOs at the central and provin-
cial levels of government do not have
the authority to levy a fine on an indus-
trial plant which does not comply with
pollution control plans. In any case, a
fine would probably not be a very
strong inducement because it would
just be a transfer from one government
unit to another rather than a reduction
in profit. The EPO is attempting to
gain some compliance by emphasizing
the economic importance of by-product
recovery (called "multiple use" by the
Chinese) and monitoring the enforce-
ment of the current law which does
require plants whose residuals cause
damage to fields and animals to com-
pensate the owners. The EPO is con-
sidering such new inducements as deduc-
tions from the salary of a plant man-
ager and having him demoted for fail-
ing to install and operate pollution
control equipment, but these induce-
ments will probably be difficult to
implement if a plant manager is success-
ful in meeting his production targets.

Another pressing problem for the
EPOs is setting appropriate ambient

38 June 1979
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BY A. KARIM AHMED

The accumulation
continues

A. KARIM AHMED is a staff scientist
for the Natural Resources Defense
Council in New York City.

P O L Y C H L O R 1 N A T E D B I P H E N Y L S (PCBs) were first introduced into
commercial use more than 45 years ago. and for a long time the
widely used industrial chemicals were considered to be relatively non-
toxic. Their potential threat to the environment, however, was recog-
nized in 1966. when the Swedish scientist. S. Jensen. observed the
presence of the compounds in fish and wildlife samples while analyzing
for chlorinated hydrocarbon pesticide residues.1-2 Since that initial
discovery. PCBs have been detected in numerous aquatic and animal
species and have been found in high concentrations in industrial waste
discharges, river-bottom sediments, food packaging materials, and in
foods such as poultry, fish, and dairy products. Detectable levels of
the chemical substance have been found in marine life ranging in size
from small (plankton and zooplankton)3 '4-5 to large species (tuna).6

High levels of PCBs have been found in fish-eating and predatory
birds.7-8-9'10 demonstrating the process of concentration of the sub-
stance along the food chain from lower to higher animals.1 l a process
which unfortunately has become all too well known in the era of
modern industrial and agricultural activity. Relatively large concentra-
tions of PCBs also have been discovered in the eggs of wild
birds.*-9-12

During the past ten years, PCB residues have been analyzed in wild-
life and fish samples in Holland, Germany, and the Baltic Sea.7-13 Off
the coast of- Scotland, PCB residues have been found in several marine
species, the contamination presumably having arisen from sewage
wastes dumped into the open sea.14 Nevertheless, despite global inci-
dence of the chemical in the environment, residues are generally found
mostly in regions of the world where there is intense industrial and
urban activity. In the U.S., PCBs in increasing amounts have been
detected in the eastern and western coastal regions, in highly urbanized
areas (for instance, in and around the Chesapeake Bay, San Francisco
Bay, and Puget Sound), and in regions where industrial discharges are
known to occur, such as Escambia Bay, Florida, and the Hudson
Rive r . 8 - I S - 1 6 ' 1 7

The environmental accumulation of PCB residues continues despite
attempts by both industry and the federal government to improve the
situation. As wil l be explained, industry's counterrneasures have been
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High levels of PCBs have been detected in aquatic birds.

Rjver would have serious economic
consequences, since (he value of the
annual commercial catch appears to be
about S I . 2 m i l l i o n . " 0 ' " ' " " In addi-
tion, the annual take of striped bass by
sportsmen exceeds the annual commer-
cial catch. : !> Furthermore, the overall
problem is serious in its relation to re-
production in striped bass. The striped
bass is 3 migratory fish which has
stock tha t intermingles in various loca-
tions such as the Chesapeake Bay. the
Delaware River, and the Hudson River
regions. As a resul t . IVH contamina-
tion may attect a large segment ot the
entire Nor th A t l a n t i c stock of striped
bass.

Bottom Buildup

Of equal concern is the accumulat ion
of HCBS in river-bottom sediments.
I'CBs. like most chlorinated hydrocar-
bons, are highly insoluble in water and
tend to settle and then be adsorbed on
silt and fine par t ic les on the bottom. ' ~

Data collected by the U.S. Geologi-
cal Survey (usc ib . ) on the Hudson
River during the years 1^73 and 1^74
show the presence of I 'CUS in the
water and in the bottom sediments of
the river.2 ' ' Values ranging between
0.3 and 3.0 parts per billion (ppb)
I 'CUs have been reported in w a t e r sam-
ples collected ;it several stations on the
Hudson River. The sampling sites in-
c l u d e locations near Poughkeepsie,
Watertord. CheKea, and Rhineheck.

In contrast to wa te r samples, I 'CB
concent ra t ions ana lyzed from the river-

PCBs, like most chlorinated
hydrocarbons, are highly
insoluble in water and tend
to settle and then be ad-
sorbed on silt and fine
particles on the bottom.

bottom sediments showed considerably
higher values characteristic of the insol-
uble na tu re of I 'CHs. The L'SGb data
are summarized below:*9

I 'CH ( . 'oncvi i t ra t ions in
Hudson R i v e r Sediments. L'St.ii

PCB in
Sediments

Station (pph)Date

7/74
7.'74
7 74
7 >'74
4/74
9/74
4/74
8/75

Chelsea
Poughkeepsie
\Vatertord
Wine-brook Hills
Chelsea
Poughkeepsie
Waterford
Roger's Island,
south of
Glenn Falls

3,200
I 1.000
13.000

0.
1,800
3,600
640

18,000
More recently, the tHA conducted

water and sediment analyses for I'CBs
in the vicinity of Ford tdward. New
York, near one of the General tleciric
plants. Water samples collected directly

-south of the plant's waste-water dis-
charge pipes had HCB values of 2.2 to
3.1 ppb. Nearby sediments, in contrast
to the water, contained 540,000 to
2,980,000 ppb (540 to 2,980 ppm),
with 6,600 ppb being detected several
miles downstream of the discharge
pipes.'4 These concentrations obvi-
ously are much larger than those at the
more distant sites checked by uses
personnel, even though the latter con-
centrations are themselves excessive.
One immediate practical problem is
that the largest concentration of I 'CUs
is likely to exist in the deep navigation
channel of the Hudson, and dredging
in this channel will further disperse the
material .1 5-1 0

Toxic Effects of HCBs

Based on the high le tha l i ty of HCBS to
marine and f reshwate r aquatic species,
the National Academy of Sciences-
N a t i o n a l Academy of Engineering
Committee made the following recom-
mendat ion: 1 '

"Aquatic life should be protected
[ t ha t is. sale from toxic effects I where

l l l t f I I I . I \ , 1 ) 1 1 1 1 1 1 C i U K t f M I r . l l K H l 0 1 l u t j l

fi H in u n l i l l e r e J w a t e r <Ji>cs not ex-
cced 0.002 m i e r o g r a m per l i t e r (0 .002
pph| at any t ime or place and the resi-
dues in the general body tissues of uny
a q u a t i c organism do not exceed 0.5
micropram per gram |0.5 ppm I."

These levels obviously are exceeded
in areas of the Hudson River and else-
where .

The danger to aquatic life is a warn-
iiig of the danger to human life. In
fac t , the tox ic i ty of I 'CBS to humans
has been clearly and tragically demon-
strated. In 1968. a severe form of skin
disease was diagnosed in Japanese fami-
lies who consumed rice oil contami-
nated wi th Kanechlor 400 ( I 'CB with
48 percent chlorine content ) . J I '3" The
disease, known as the "Yusho syn-
drome." is characterized by swelling of
the upper eyelids, visual impairment ,
acne-like formations, and heightened
pigmentation of the skin,3 1 and a total
of 1.057 poisoning cases have been re-
corded to date in Japan.3 3 Patients
w i t h this disease also have exhibited
neurological disorders and have shown
signs of hearing loss. Babies born to
several patients had many of the
symptoms of the disease, indicating a
placental transport of I'Clis; most
fetuses of the victims were smaller
than the national average. Another dis-
turbing feature of the disease was the
observation that most patients recov-
ered very slowly, which suggested that
I'CBs were retained in their bodies over
a very long period.33 PCBs have been
detected in human adipose tissue (con-
nective tissue in the body containing
stored cellular fa t ) in such widespread
occurrence that over 40 percent of the
U.S. population contains one part per
million or more.34

A number of studies have conclu-
sively shown the effect of HCBS on the
reproduction processes of some birds
a n d a n i m a l s , i n c l u d i n g mon-
keys.3 1-3--3 6-3 7-3 8-3 9 '4 0 It is impor-
tant to note that I'CBs with lower
chlorine content may have a greater
effect on reproduction than biphenyls
with higher chlorine content, even
though the former substances are now
being suggested as substitutes for the
latter. In a recent review article on the
toxicology of HCBS, Renate Kimbrough
of the Center for Disease Control in
Atlanta, Georgia, stated:31

"The results obtained from the re-
production studies in birds particularly
seem to indicate t h a t the lower chlori-
nated biphenyU alfcct reproduction
more than I lie higher chlorinated bi-
phenyls. ami it i> ve ry i m p o r t a n t to de-
termine w h e t h e r I ho lower chlorinated
biphci iyK l l i a l luxe been Mmpested as
leplacciiu-iiiN I . i r piescnily Employed
i h l < i r i n . i i c i l b i p l i e n v K h a v e .111 elfect on
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r e p r o d u c t i o n .
The r ecen t I 'C B l o x i c i t y t es t s in

monkeys ure p a r t i c u l a r l y r e l e v a n t to
human heal th considerations. In jn ex-
tensive series of tests carried out by
James Alien and his colleagues at the
Universi ty of Wisconsin School ot Med-
icine. P C B S in the diet of rhesus mon-
keys caused significant effects t ha t
m i m i c k e d both the symptoms of
known human toxicity and reproduc-
tion .failures in experimental a rum a Is.
When female rhesus monkeys were
given 25 ppm of Aroclor 1248 for a
period of two months, severe symp-
toms of facial swelling and skin erup-
tions were manifested. At lower die-
tary levels (5.0 ppm and 2.5 ppm) of
the same substance, similar clinical
sy.nptoms were observed a f t e r a few
months: more significantly, these low
levels of PCBs had a marked effect on
reproduction. After three matings wi th
male monkeys, only 12.5 percent of
the 5 ppm PCB dietary group and 37.5
percent of the 2.5 ppm group were
pregnant as compared to 90 percent
pregnancies in a comparable control
group.3 ' At the same time, offspring
were significantly smaller in size: their
health was further threatened since
they continued to ingest high HCB
levels from the nursed milk of their
mothers.40 One notable consideration
related to the experiments in monkeys
is that the present KDA tolerance limit
of 5 ppm4 1 for PCB residue in fish
and shellfish is based on the assump-
tion that toxic effects occur at levels
much higher than is actually the case.
On this basis, then, the FUA tolerance
limit is too high.

Also of serious concern is a recent
study conducted by a group of re-
search investigators at the Center for
Disease Control in Atlanta, the U F A ,
the National Cancer Institute, and the
Johns Hopkins University School of
Medicine.4 They observed that when
experimental female rats were fed a
diet containing 100 ppm of PCB (Aro-
clor 1260) for about 21 months, 26 of
184 of the experimental animals exam-
ined had malignant liver tumors (Hepa-
tocellular carcinoma), whereas only 1
of 173 control animals had the disease.
At the same time, 146 of the experi-
mental and none of the control ani-
mals had tumorous lesions (neo-plastic
nodules) in the liver.

Other effects of PCBS that have
been reported in the scientific litera-
ture include: (1) increased production
of certain enzymes in the livers of hu-
man beings and laboratory rats, (2) in-
duction of liver porphyria in several
animal species, (3) interference with
the immune defense mechanisms in
rabbits. (4) neurological disorders in
rats, (5) increased I 'CB residue in f a t t y

t i s sues , se rum, and m i l k , and <b ) toxic
e i i e c t s in ch ick embryos .

Tliere has been some concern t h a t
reported PCB e t f f c t s may be a t t r i b u t e d
in part to the presence of chlorinated
Jibenzol'urans as a contaminant in I'l B
mixtures.J ' Chlorinated dibenzofurans
have been shown to be acutely embry-
otoxic and have been detected in sev-
eral I 'CB preparations (Clophen A 60,
Phenoclor DP-6, Aroclors 1248, 1254,
1260).4 5 Recent reports by M. Kurat-
sune and his associates have indicated
that the "Yusho" patients apparently
had been exposed to PCBs in rice oil
contaminated with chlorinated diben-
zofurans and showed detectable levels
of this compound in their body tis-
sue.40 However, it was not determined
from this study whether the contami-
nation occurred during manufacture of
the PCBS or during the use of the PCB
mixture as a heat exchange fluid in the
rice oil plant, since high temperatures
may have led to its formation through
the hydroxylation and oxygen ring
bridging of chlorinated biphenyl mole-
cules. At present, the possible link of
PCB toxicity to the presence of chlori-
nated dibenzofuran contaminants re-
mains highly speculative, as there ap-
pears to be no direct experimental
evidence that dibenzofuran derivatives
have long-term chronic effects similar
to those which have been amply dem-
onstrated with I 'CBs.3 1 -44

Control of PCBs

The attack on PCB contamination has
taken two forms, one a voluntary re-
sponse by manufacturers of the sub-
stance and the other a response by var-
ious government bodies. Both re-
sponses have been inadequate, as will
be shown in what follows.

In 1971, over 106 million pounds of
PCBs was produced in the industrial
countries of the world, with a third of
this, nearly 40 million pounds, being
manufactured in the U.S.47 During the
late 1950s and into the 1960s, U.S.
domestic sales of PCBs increased nearly
threefold, reaching a peak of approxi-
mately 72 million pounds in 1970.48

Prior to 1970, about 60 percent of
PCB material sold domestically in the
U.S. was used for closed electrical
systems such as capacitors and trans-
formers. Another 25 percent was used
as plasticizers and in the production of
carbonless duplicating paper.4* In Sep-
tember 1970, Monsanto Company, the
sole manufacturer of PCBS in the U.S.,
restricted its sale of PCBs because of
environmental contamination by the
chemicals. This restriction consisted of
limiting sales to those materials ear-
marked for closed electrical systems.
Thereafter, U.S. consumption was re-

duced c o n s i d e r a b l y . I t i s i m p o r t a n t t o
note , h o w e v e r , t h a t these r e d u c t i o n s
occurred mainly in the use ol I'l. us as
plast ici^ers and as h y d r a u l i c and lubr i -
cating fluids, since the bulk of I ' t 'Us
(60 percent), us mentioned above, had
been used in electrical systems. Thas
chemical substance is still being used
almost exclusively as the insulating
fluid for large, high-voltage capacitors
(as well as for certain small ones) and
for electrical transformers. In addit ion,
the EPA estimates that approximately
one-half million pounds of PCBs is
being imported inter this country each
year v and presumably is being used
in products other than electrical equip-
ment.

As to government response to the
PCB problem, a federal In terdepar t -
mental Task Force was convened in
1972. The group concluded that be-
cause of the highly persistent nature of
PCBs and their bioaccumulation in the
food chain, these chemical compounds
posed a serious threat to human
health. The group recommended re-
striction of the use of PCBs to closed
electrical systems such as electrical
transformers and capacitors.43 How-
ever, since Monsanto Company actually
had already begun restricting domestic
sales in this fashion, it is not clear
whether the task force's recommenda-
tions, issued a year and a half after
Monsanto's action, had any influence
on the company's decision (although
this has recently been suggested by a
federal official).50 •

In July 1973, the KDA established
PCB tolerance limitations in a variety
of food products, as follows:41

FDA Tolerances for PCBs
in Food and Food Packaging (ppm)

Milk* 2.5
Dairy products* 2.5
Poultry* 5.0
Fish and shellfish** 5.0
Eggs 0.5
Infant and junior food 0.2
Complete and finished
animal feed 0.2
Animal feed components 2.0
Paper food-packaging material 10.0

•On fat basis
"Edible portion______________

Toxicity data obtained during the
past year showing severe reproductive
failure with low concentrations of
PCBs in primates (5.0 and 2.5 ppm)
and the recent demonstration of car-
cinogenicity with rats'.< y .4 2 indicate
the need to substantially revise the
present I DA tolerance limitations of
PCBs in foods. Although the present
tolerance standards are deficient, the
KDA has in recent months taken sei-
zure action based on these standards
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several i ibh shipments ear-
lor commerc ia l marke ts in

Lake Michigan , since PCB concentra-
tions in the I'ish exceeded the present
5 ppm guideline.51 Similarly, the Ft) A
seized a shipment ot carp this summer
in Lake Pepin on the Mississippi
River." : In view of a recent legal de-
cision t h a t apparent ly allows the FDA
to det'ure pesticide residues in foods as
an indirect food additive, the FDA is
expected to enforce its guidelines more
forcefully in the future. FDA officials
in the Great Lakes region have warned
that shipment of chubs, Coho salmon,
and lake trout may be disallowed in
interstate commerce, since the fish
continue to contain high residue levels
of PCBs.5 ' It is apparent that with a
more thorough monitoring and surveil-
lance program, many species of fish in
the Great Lakes region and in several
rivers in the East Coast area will be
essentially unavailable for human con-
sumption for many years.

One of the great ironies of the pres-
ent situation is that more than three
yean ago the Federal Water Pollution
Control Act (FWPCA) directed the fed-
eral government (specifically the EPA)
to take swift action to reduce the dis-
charge of PCBS and other toxic water
pollutants to safe levels. The fact that
today there is no meaningful national
program to regulate PCB discharges is a
result of the federal government's fail-
ure to carry out the act as written.

The congressional authors of the
KWPCA believed that the "hazards
posed by toxic substances" made their
effective regulation "especially ur-
gent."*3 Accordingly, they established
in the act a ''national policy that the
discharge of toxic pollutants in toxic
amounts be prohibited"54 and added
to the act a far-reaching special pro-
vision. Section 307(a), to ensure that
this goal was fully implemented. If the
section's mandatory deadlines had been
met, toxic pollutant effluent standards
covering PCBs and other toxic pollu-
tants would have been promulgated by
the EPA roughly two years ago and
complied with by dischargers about
one year ago. Yet, to date, the EPA
has failed to promulgate a single stan-
dard under this provision.

Despite shortcomings in federal en-
forcement, several states have taken ad-
ministrative and legislative initiatives to
control the discharge of PCBs into
lakes and rivers. Earlier this year, the
Michigan Natural Resources Commis-
sion endorsed the recommendation of
the Lake Michigan Toxic Substances
Committee, calling for a ban on PCB
imports and their use in the U.S. and
for a rapid replacement of PCBs in
e l e c t r i c a l c a p a c i t o r s and trans-
formers." At the same time, a bill has

10

been introduced in the state legislature
to place strict control on the use and
sale of I 'CBs in Michigan. 5 1

In Wisconsin, the Division of Health
of the State Department of Natural
Resources has issued warnings on con-
sumption of large lake trout and
salmon from Lake Michigan and the
upper Mississippi River. In August
1975, the department held a hearing
with a view to developing a strategy to
control the sale and distribution of
PCBs within the state.51 In Minnesota,
an Interagency Task Force was estab-
lished, principally to broaden the mon-
itoring of PCBs in fish in several rivers
and streams in the state.22

In terms of administrative remedies,
the strongest action was taken this
year in New York state, after it was
discovered that the two General Elec-
tric plants on the Hudson River ap-

I_ar9t amounts of PCBi nave b««n found in
filn in the Hudson River, especially in those
of recreational and commercial value.

peared to be the major dischargers of
HCBs in upper regions of the river. On
September 23, 1975, the New York
State Department of Environmental
Conservation issued an 'abatement
order requiring the General Electric
plants to achieve zero discharge of
PCBs by September 30, 1976. Admini-
strative hearings were begun on Octo-
ber 6, 1975. At the same time,
Ogden Reid, commissioner of the de-
partment, publicly warned consumers
against eating striped bass from the
Hudson River and salmon caught in
Lake Ontario.5*

On the international front, the Or-
ganization for Economic Cooperation
and Development (OECD) a few years
ago recommended that its member
countries which are involved in PCS
production (including the U.S., West
Germany, France, the United King-
dom, Japan, Italy, and Spain) restrict
the commercial use of PCBs to closed
systems.57 Only Japan has taken fur-



(her s inct measures lo complete!;,
e l i m i n a t e the use ol i ' i us in all com-
mercul appl ica t ions , i n c l u d i n g capaci-
tors and t ransformers . Japan also pro-
hibits the import and export of the
compound, and. since September 1972,
there has been a virtual elimination of
almost all applications of 1'CBs in tha t> ocountry."

Most recently, following the Na-
t ional Conference of H C B s which was
held in Chicago on November 19 to
21, 1975. the EPA on December 22.
1975. announced a far-reaching federal
policy ol" "totally eliminating the use
of poly chlorinated biphenyls (I'CBs) as
rapidly as possible" in the U.S.49 '58

In a more specific action, the K PA has
ordered the two General Electric plants
on the Hudson River to achieve zero
discharge by June 1977.5' It is clear
from these actions that the federal gov-
ernment has recognized the gravity of
the I'CB issue and at last has taken
definitive steps to address the problem.

The title of shit article as originally
submitted \\-as "A Review of Federal
and Slate Government Roles in Con-
trolling Impacts of PCBs on the Envi-
ronment. " The Publisher and Editors
of Environment are responsible for tlie
published titles and subtitles, selection
of photographs and lead-in excerpts,
photo captions, and preparation of
most graphs and illustrations which
appear in Environment articles.

NOTES

1. Jensen. S.. "A New Chemical Hazard."
New Scientist. 32:612, 1966.
2. Widmark, G.. "Possible Interference by
Chlorinated Biphenyls." Jour. Aim. Offic.
Anal. Cnem., 50:1069, 1967.
3. Risebrough, R.W., el al.. "PCS Residues
in Atlantic Zooplankton," Bull. Erwir. Con-
Urn. Toxicol.. 8:345. 1972.
4. Giam, C.S., et al.. "Chlorinated Hydrocar-
bons in Plankton from the Gulf of Mexico
and Northern Caribbean." Bull. Cnvir. Con-
tarn. Toxicol.. 9:376. 1973.
5. Ware. D.M.. and R.F. Addison, "PCB
Residues in Plankton from tne Gulf of St.
Lawrence." Nature. 246:519, 1973.
6. Zitko. V., and P.M.K. Cnoi, "PCB and
Other Industrial Halooenated Hydrocarbons
in the Environment," Fish. Res. Bd. of Can-
ada Technical Report 272. 1971, p. 1.
7. Jensen. S.. et al.. "DOT and PCB in
Marine Animals from Swedish Waters."
Nature. 224:247. 1969.
8. Risebrough. R.W., et al., "Polychlorinated
Bipnenyls m the Global Ecosystem," Nature,
220:1098, 1968.
9. Prestt. I., N.W. Moore, and D.J. Jeffries.
"Polycnionnated Bipnenyls in Wild Birds m
Britain and their Avian * Toxicity," Envir.
Poll., 1:3, 1970.
10. Koeman. J.H., "PCB in Mammals and
Birds in the Netherlands," PCB Conference
11. S. Lundstrom. ed.. National Swed. Enyir.
Prot. Bd. PUD. 4E. 1972. p. 35.
11. Water Quality Criteria. Report of tne
Committee on Water Quality Criteria. Env.
Studies Bd.. NAS-NAE, Washington, D.C.,
1972.

12- G r e < c n u 5 . V.A.. A. Greicnus. ana H.j.
ETICMCH, "i nsect ic iaes , Poiycnior mated Q>.
pneny's. ana Mercury in Wild Cormorants,
Pelicans. Tneir Eggs. Food, ana Environ-
ment." Bull. Envir. Contam. Toxicol.. 9:321
1973.
13. Koeman, J.H., M.C. TenNoever, and
R.H. DeVos. "Chlorinated Biphenyls in Fish,
Mussels, ana Biros Irom trie River Rhine and
the Netherlands Coastal Area." Nature
221:1 126, 1969.
14. Hoioen. A.V.. "Source o( Polycniori-
nated Bipnenyl Contamination in the Marine
Environment," Nature. 228:1220. 1970.
15. Maryland Dept. Nat. Res. and Westing-
house Eiec. Co.. Chester River Study, An-
napolis. Md., Nov. 1972.
16. Stalling, D.L.. and F.L. Mayer. "Toxici-
ties ol PCBs to Fish and Environmental
Residues," Envir. Health Perspect., 1:159.
1972.
17. Duke, T.W., J.I. Lowe, and A.J. Wilson.
Jr., "A Polycniormalea Biphenyl (Aroclor
125-M in tne Water, Sediment, and Biota of
Escambia Bay, Florida." Bull. Envir. Con-
tam. Toxicol., 5:171, 1970.
18. Hesse, J.L.. Contaminants in Great Lakes
Fish, Michigan Oept. Nat. Res. Staff Report,
June 1975.
19. Michigan Dept. Nat. Res.. Michigan
Great Lakes Trout and Salmon Fishery,
19S9- t972. Fisheries Mgmt. Report No. 5,
June 1973.
20. Hesse. J.L., and N. Fogle. Fishery Div..
Michigan Dept. Nat. Res., private communi-
cation.
21. Degurse. P., and V. Outer, Chlorinated
Hydrocarbon Residues in Fish from Major
Waters of Wisconsin, Wisconsin Dept. Nat.
Res., Bur. Fish and Wildlife Mgmt. Report
No. 79, Madison, Wis.. July 1975.
22. Interagency Task Force on PCBs. Prelim-
inary Report on the Polychlorinated Bi-
phenyls in Mississippi River and Lake Pepin,
Minn. Poll. Cont. Ag., St. Paul, Minn.. Aug.
1975.
23. Palermo. P.J.. Progress Report, Massachu-
setts Pesticide Monitoring Program, April t,
1972 to March 31. 1*73, Div. Fisheries and
Game, Commonwealth of Mass., Boston,
Mass.. 1973.
24. Naoeau, R.J., and R. Davis, Investigation
of Polychloriruted Biphenyls in the Hudson
River: Hudson Falls-Fort Edward Aru, EPA,
Region II Report, 1974.
25. Bur. Envir. Prot., Oiv. Fish and Wildlife,
New York Dept. Envir. Conserv., Monitoring
of PCBs in Fish Taken from the Hudson
River, Albany, N.Y., Oct. 1975.
26. National Marine Fisheries Serv.. U.S.
Dept. of Commerce, Fisheries Statistic* of
the United States, 1971.
27. Deuel. O.G., 1*70 Salt-Water Angling
Survey, NOAA, National Marine Fisheries
Serv.. U.S. Oept. of Commerce, Current
Fishery Statistics No. 6200. 1973.
28. Consolidated Edison Co. of New York,
Inc., Final Environmental Impact Statement,
Operation of Indian Point Nuclear Gener-
ating Station, Feb. 1975.
29. Turk, John, U.S. Geological Survey,
Albany, N.Y., private communication.
30. Munson, Thomas, Westinghouse Ocean
Research Lab., Annapolis, Md., private com-
munication. Also, prelim, draft Upper Chesa-
peake Bay study.
31. Kimbrougn, R.D., "The Toxicity of
Polychlorinated Poiycyclic Compounds and
Related Chemicals," CRC Critical Reviews In
Toxicol.. Jan. 1974, p. 445.
32. Kuratsune, M., et al.. "An Epldemiologi-
cal Study on 'Yusno* or Chlorobipnenyis
Poisoning," Fukuoka Acta Med., 60:513,
1969.
33. Kuratsune. M., et •!., "Epldemiological
Study of Yusno, a Poisoning Caused by In-
gestion of Rice Oil Contaminated with a
Commercial Brand of Polycnionnated Bi-
pnenyls." Envir. Health Perspect., Apr.
1972.
34. Price. H.A.. and R.L. Welch. "Occur-
rence of PCBs m Humans." Envir. Health
Perspect.. Apr. 1972.

35. Piatonow, N.S.. ana L H. Ka 'S iac . "O-e -
t a r y E f f e c t s ol Po lycn iorcn j te f l B'pnenyis on
Mink." Canadian Jour. Comp. Med.. 37:291.
1973.
36. Oanigren. R.B., R.L. Lmder. and C.w.
Canson. "Polychlorinated B»Pnenyis: Tneir
Effects on Penned Pheasants." Envir. Health
Perspect.. 1:89. 1972.
37. Keplinger, M.L., O.E. Fancner, and J.C.
Calandra, "Toxicoiogic Stu'dies witn Poty-
cniorinated Bipnenyls," Toxicol. and Appi.
Pnarmacol., 19:402. 1971.
38. Alien. J.R.. L.A. Carstens. and O.A. Bar-
sotti. "Residual Ef fects of Snort-Term. Low-
Level Exposure of Nonhuman Primates to
Polychlorinated Bipnenyis." Toxicol. and
Appl. Pnarmacol., 30:440, 1974.
39. Alien, J.R.. "Response of the Nonnuman
Primate to Polychlorinated Bipnenyl Expo-
sure," Federation 'Proceedings, 34:1675,
1975.
40. Alien, J.R., Reg. Primate Res. CH., Univ.
of Wis. Med. Sen.. Madison, Wis., pr ivate
communication.
41. Federal Register. 38(1291:18096. Ju ly 6,
1973.
42. Kimbrough, R.D., et al., "Induction of
Liver Tumors in Snerman Strain Female
Rats by Poiycniorinated Bipnenyl Aroclor
1260," preprint of study Obtained trom
R.O. Kimbrougn, Ctr. for Disease Contr..
Atlanta, Ga.
43. Interdepartmental Task Force on PCBs,
Polychlorinated Biphenyls and the Environ-
ment, Washington, D.C., May 1972.
44. Alien, J.R.. and D.H. Norback, "Poly-
chlorinated Bipnenyl and Terpnenyi-induced
Gastric Mucosal Hyperplasia in Primates,"
Science. 179:498. 1973.
45. Bowes, G.W., et al., "Identification of
Chlorinates: Dioenzofurant in American
Polych lor inated Bipnenyls." Nature.
256:305, 1975.
46. Kuratsune. M.. Y. Masuda. and J. Naga-
yama, "Some of the Recent Findings Con-
cerning Yusno," paper pres. at Nat. Conf. on
Polycnior. Biphenyls, Chicago, III., Nov.
19-21, 1975.
47. Environment Directorate. Org. for Econ.
Coop, and Devel., "Poiycniorinated Bi-
phenyls: Their Use and Control," Pans, Nov.
1973.
48. "Polychlorinated Bipnenyls — Environ-
mental Impact," Review by Panel on Haz-
ardous Trace Substances, Envir. Res., 5:249.
1972.
49. Train, Russell E.. admin., Envir. Prot.
Ag., in background written statement pres.
at Press Conference on PCBs, Washington,
O.C.. Dec. 22. 1975.
50. Schweitzer. G.E.. dlr.. Off. of Toxic Sub-
stances, Env. Prot. Ag., in statements made
at hearing on PCBs held by Wis. Dept. Nat.
Res.. Madison, Wis.. Aug. 29, 1975.
51. Hesse, J.l_, "Summary of Regulatory
Efforts of the Great Lakes Region Toward
the Environmental Control of PCBs (Poly-
cnionnated Bipnenyls)," speech pres. to
Governor's Great Lakes Regional Interdis-
ciplinary Pesticide Council, Chicago, III.,
Sept. IB, 1975.
52. "Mondale. HHH Center PCB Fray."
Minneapolis Tribune. Aug. 26, 1975, p. IB.
53. Senate Report, No. 92-414, 92nd Con-
gress, 1st Session, 1971, p. 61.
54. Title 33 United States Code, S1251
(a)(3) [FWPCA S101 (a)<3); S307 (a)(4)|.
55. New York State Oept. of Envir. Cons.,
complaint Issued against General Electric
Co., File No. 2833, Sept. 23. 1975.
56. "State Says Some Striped Bass and
Salmon Pose a Toxic Peril," New York
Times. Aug. 8, 1975. p. 1.
57. Org. for Econ. Coop, and Devel.. De-
cision of the Council on Protection of the
Evlronment by Control of Poiycniorinated
Biphenyls, adopted Feb. 13, 1973.
58. "Train Announces Plan to Control
PCBs," Envir. Prot. Ag., press release, Wash-
ington. O.C.. Dec. 22. 1975.
59. Frye. Richard, legal staff. Env. Prot. Ag,
Region II. New York. N.Y., private com-
munication.

Environment. Vol. 18. No. 2 11



VOLUME 18. NUMBER 2. $1.30

HHOTO BY WENDY HOLMES



EPRI, the research arm of the electric utility industry,
announced a 57 million, five-year research program

to find ways to manage. . .

The persistent PCB problem

On ihe one hand. PCBs are a very
small segment of any hazardous waste
management scheme. On the other
hand, they arc persistent environ-
mental contaminants whose use has
been controlled. They are the only
group of chemicals specifically men-
tioned by the Toxic Substances Con-
trol Act. now five years old.

Between 1929 and 1977. about 1.4
billion Ib of PCBs were produced in the
U.S. Although its chemical manufac-
ture has now ceased, 750 million
Ib are still in service, but only 162
million Ib are associated with the
electric utility industry.

PCBs are used in two types of sealed
electric equipment:

• transformers that raise or lower
the voltage of a power line

• capacitors, the bread box-sized
cans on utility poles that help maintain
constant voltage in homes. Their good
electrical properties (for capacitors)
and low flammability (for transform-
ers) make polychlorinated biphenyls
especially suitable for these uses.

Of the other half of the PCBs. 3.6%
have been destroyed: another 10.7%
were exported. Some 21.4% are buried
in landfills and 10.7% have escaped
into the environment, much of that
portion coming to rest at the bottom of
the ocean.

The EPA regulations on PCBs have
caused trouble for the electric uti l i ty
industry. These regulations address
two types of equipment: that contain-
ing PCB concentrations over 500 ppm.
and so-called PCB-contaminated
equipment containing 50-500 ppm
PCBs. Concentrations below 50 ppm
arc not regulated.

Extent of the problem
The electric utilities estimate that

fewer than 22% of the 750 million Ib
;irc ihe responsibility of their industry.
.Vvdrdint! 10 estimates of the Edison
Hixinc I n s t i t u t e . Askarcl transform-

ers contain 75 million Ib of PCBs and
PCB capacitors another 87 million Ib.
Askarel contains PCBs with up to 50%
trichlorobenzene. Together, the 162
million Ib account for essentially all
PCBs in the electric utility industry.

In addition, however, there are an-
other 262 000 Ib of PCBs in other
transformers. These other transform-
ers are filled with mineral oils. Ap-
proximately 10% of the utili ty trans-
formers are contaminated with PCBs
in the 50-500 ppm range. This in-
cludes 1.9 million distribution trans-
formers and 25 000 power transform-
ers. The remainder, below 50 ppm, are

considered free of contamination.
PCBs are an obvious problem for

the electric utilities, though not ex-
clusively, since fewer than 22% of the
remaining PCBs still in use are found
in their industry. Other industries are
said to have a PCB problem; for ex-
ample, the metal die-forming industry.
Another use is in electrical equipment
in high-rise buildings, industrial plants,
and commercial operations. Here the
equipment is not the responsibility of
the electric util i ty industry per se, but
rather that of other industry.

The regulations have caused such
concern to the electric u t i l i ty industry
that the Electric Power Research In-
stitute (EPRI) has launched its re-
search effort to find ways to manage
this PCB equipment. A recent three-
day seminar in Dallas was devoted to
the detection, extraction, destruction,
and cleanup aspects of the problem.
Now nine years old, EPRI operates on
the premise that the research it con-
ducts will save the utilities more money
than the cost of the research.

A look at the statistics from another
angle reveals that there are about
150000 PCB transformers now in
service. Some 40 000 are owned by
utilities. Most are relatively small, and
each contains about 200-600 gal of
PCB liquids. Many are found in
high-rise buildings where they were
installed for fire safety reasons.

In practice, many are allowed to
stay in service until they become
faulty. Nevertheless, real problems
exist. There is no reliable way to fore-
warn of incipient failure of trans-
formers; however, there is partial dis-
charge detection or measure of gas
evolution. Using present methods,
mainly incineration, disposal costs
might be as much as S2000 per unit, in
which case the total cost to this in-
dustry might be $300 million.

PCB-contaminated transformers,
those with 50-500 ppm PCBs, repre-
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•>er.'. a headache for the u t i l i t i e s . The
location of those unus is u n k n o w n .
Finding f a u l t y transformers is d i f f i cu l t
and expensive. The most frequently
used method of checking transformer
oil is to take a sample, send it to the
analytical laboratory, and have the
analysis performed by gas chroma* "
tography with an electron capture de-
tector. The cost of this analysis is
S50-100 per sample, so the total cost
of testing 20 million transformers
could reach SI-2 billion. Eventually
the contaminated oil must be drained,
disposed of. or decontaminated. One of
the goals of the research program is to
find better and lower-cost ways of re-
ducing PCB-contaminated trans-
former oil to acceptable (less than 50
ppm PCBs) levels while saving the
oil.

The problem with capacitors differs.
There are an estimated 2.8 million
capacitors in use: about 2000 of them
rupture each year, spilling PCBs into
the environment. EPRI research goals
in this area are to find a way to predict
capacitor failure and to develop a
mobile device for testing soil samples
for PCB contamination. Unlike
transformers, there arc no valuable
materials to be recovered from ca-
pacitors. In capacitors, PCBs are ab-
sorbed into paper insulation; at present
this solid PCB-containing material
must be shredded before it is fed into
an incinerator.

Research on new capacitors is
needed because exhaustive lexicolog-
ical tests have not been made on the
liquids now being used. Research is
also needed for a mobile facility that
could be used to destroy PCBs from
the old capacitors. Most capacitors
made before 1977 contained PCBs.
Detection and extraction

The electric utilities need a number
of industry-specific detection and an-
alytical devices. There is a need for a
device to detect incipient failures in
capacitors. Also needed is a portable
device for testing transformer oil for
PCB content in the 50-500-ppm
range. Another device is needed to
detect the PCB content of soils in the
field so that cleanup completion could
be declared when the level of PCBs is
less than 50 ppm.

There arc prototype instruments or
ideas being developed in each of these
problem areas, but they are just be-
ginning to be tested in the field. Com-
mercial instruments are not here
today.

A portable X-ray fluorescence in-
strument for screening transformer oil
for 50 ppm PCBs or less by measuring
total chlorine content is being field-

tested by the Salt River Project, a
u t i l i t y in Arizona. Capacitors that are
about to fail typical ly emit ultrasonic
sounds. An acoustical detector (Dun-
negan-Endevco) being field-tested
alerts utility management to incipient
capacitor failure. Another device, an
infrared scanner, is being used to
measure the temperature of operating
capacitors. Capacitors that are about
to fail may show a higher-than-normal
operating temperature.

Spills
In the case of spills of cither trans-

former oil after rupture or capacitor
material after failure, it is necessary to

EPRI's Gil Addis: managing PCB
destruction

take samples of the contaminated soil
and send them to a laboratory for
analysis. A more expedient approach
would be to have a field instrument.
EPRI is working with the Oak Ridge
National Laboratory on a field device
for on-the-spot analysis of PCB spills.
A technique using a portable infrared
spectrometer looks promising for As-
karel spills from capacitors.

Destruction
Although there are several semi-

commercial processes for destroying or
removing PCBs in oil, none have been
fully tested for treating transformer
oil. A number of proposed processes
use sodium in a reactive chemical to
combine with the chlorine in the PCBs.
A possible unknown in these latter
processes is that the sodium treatment
may also damage or remove some
components of the mineral oil, making
it unfit for continued use in trans-
formers. Tests are under way to check
this point.

Sunohio, based in Canton, Ohio, has
constructed a mobile PCB chemical
destruction unit (ES&T, November
1980, p. 1278) and has demonstrated
that its system is capable of reducing
the PCB concentration in contami-

nated mineral oil to a nondeteciablc
level. Sunohio has received approvals
for the unit in EPA Regions 1.4, and
7. Acurcx Corp. has also constructed
a mobile PCB destruction system and
demonstrated it for EPA.

Incineration on land and at sea
seems to be the best option for disposal
of Askarels (high-level PCB concen-
trations) at present. Two land-based
incineration disposal sites arc now li-
censed by the EPA—a Rollins incin-
erator in Texas and the Ensco (Energy
Systems Co.) incinerator in El Dorado,
Ark.

The ocean incinerator ship, Vulca-
nus, is another option. The ocean in-
cineration record with Vulcanus in-
cluded EPA-approved test burns in
1974 and 1975 at designated sites in
the Gulf of Mexico. In 1977, the Vul-
canus incinerated the stockpile of
Agent Orange, the defoliant used in
Vietnam, in an area west of Johnston
Island. More recently, an EPA permit,
dated Oct. 23. 1981, granted permis-
sion for four separate burns in an area
known as a near-biological desert. 200
miles south of Galveston. Tcx. PCBs
will be incinerated on Vulcanus for the
first time. The Vulcanus can burn
4000gal/h and has a holding capacity
of 850 000 gal; the waste must be liq-
uid and pumpable.

Other processes for removing PCBs
from transformer oil are being inves-
tigated by EPRI in lab studies. These
include solvent 'extraction, several
additional alkali metal dechlorination
processes (removing chlorine atoms
from the PCB molecule), electron ir-
radiation, and super critical fluid ex-
traction.

Since a number of alkali metal
processes arc already under way, EPRI
may sponsor scale-up of an extraction
process, the most attractive of the al-
ternative processes. Other destruction
processes include Rockwell Interna-
tional's molten saltbath and the plas-
ma arc process of Dr. Barton, Imperial
College, Ontario, Canada.
Prognosis

The EPA regulations for PCBs are
the classic example of a moving tar-
get. The EPA regulation has been
challenged in a court case brought by
the Environmental Defense Fund. The
case has been remanded to the agency,
which must now show cause for setting
the 50 ppm cutoff. The preliminary
agency response should appear in the
Federal Register in March, but the
final ruling is not expected until about
September 1982. Originally, the cutoff
value was made to distinguish between
two disposal options—incineration or
landfilling. —Stanton Miller

Envfron. So TectaoJ.. Vol. 10. No. 2. 1982 MA
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Toxicity of Arsenic and PCBs to Fry
of Deepwater Ciscoes (Coregonuiy

Dora R. May Passino and Janet Matsumoto Kramer*
U.S. Fish and Wildlile Service, Great Lakes Fishery Laboratory, Ann Arbor, Mich. 48105

The deepwater ciscoes (known commercially as chubs) are among
the native fish of the Great Lakes that have declined or disap-
peared during this century (CHRISTIE 1974). The ciscoes of Lake
Michigan/ now primarily bloaters (Coreqonus. hoyi), are only about
1% as abundant as they were in 1960-61 (GREAT LAKES FISHERY
LABORATORY 1977). Stress factors that may have interacted to cause
the decline of ciscoes include overfishing, invasion of the lake by
exotic species, and pollution. Compared with other fish species
from Lake Michigan, ciscoes are relatively high in contaminants,
especially arsenic and polychlorinated biphenyls (PCBs). Although
the maximum concentration of PCBs in the open waters of Lake
Michigan is only 10 ng/L (GREAT LAKES WATER QUALITY BOARD 1975),
the average concentration of PCBs was 4.1 ug/g in ciscoes taken off
Saugatuck, Mich., in 1976 (GREAT LAKES WATER QUALITY BOARD 1978).
COPELAND «t al. (1973) reported arsenic values of 0.26, 0.77, and
1.7 yg/g for three bloaters collected near Ludington, Mich., and
0.56, 1.1, and 2.5 ug/g for three ciscoes (Coregonus sp.) taken
near Cook, Mich.

Information on the toxicity of arsenic and PCBs to ciscoes is
needed to evaluate the relative importance of these potential
stress factors. Because fry are usually the most sensitive life
stage, toxicity data on the fry can often indicate threshold values
for the entire life cycle (SCHIMMEL et al. 1974, MCKIM et al.
1978). Pew data are available on the toxicity of arsenic and PCBs
to fry of other fish species. The 96-h LC50 for newly hatched
fathead minnows (Pimephales promelas) was 7.7 ug Aroclor 1254/L
(NEBECKER et al. 1974). SPOTILA and PALADINO (1979) reported that
50 yg arsenic (As*3)A- caused 100% mortality in muskellunge fry
(Esox masquinongy) during the swim-up stage. No other data are
available for toxicity of arsenic to fish fry. Water quality
criteria and objectives (O.S. ENVIRONMENTAL PROTECTION AGENCY 1976,
GREAT LAKES WATER QUALITY BOARD 1975) have been established on the

1Contribution 543 of the Great Lakes Fishery Laboratory, U.S. Fish
and Wildlife Service, Ann Arbor, Michigan 48105. This article
was written by employees of the United States Government as part
of their official duties and therefore cannot be copyrighted.
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Chicago, Illinois 60637
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basis of such data as above, although possible additive effects of
metals and organochlorines found in Lake Michigan are generally
unknown.

As the initial step in determining the potential role of
arsenic and PCBs in the decline of Lake Michigan ciscoes, our
objectives were to measure the acute toxicity (96-h LC50) of
arsenic and PCBs, singly and in combination, for cisco fry; to
determine the additive index (MARKING 1977) for arsenic and PCBs;
and to evaluate the adequacy of water quality criteria for these
contaminants relative to protecting ciscoes.

MATERIALS AND METHODS

Mature ciscoes (Coregonus sp.) were captured by gillnet from a
commercial fishing vessel, December 1976, at 130-150 m, 16 km NE of
Marquette, Mich., in Lake Superior, because of the greater avail-
ability of ciscoes in Lake Superior compared with Lake Michigan.
Four male Coregonus hoyi, four female C. hoyi, and one male C.
zenithicus were stripped on board the vessel by personnel of the
Michigan Department of Natural Resources and all eggs and sperm
were mixed. After 80-84 days of incubation at the Great Lakes
Fishery Laboratory in running well water (total hardness 400 mg/L
as CaCO3) at 4-5 C, 95% of the eggs hatched. Newly hatched fry
were placed in floating baskets in flowing, 6-8 C well water and
were fed brine shrimp (Artemia) nauplii, beginning when the fry
were 1 week old. For 1 week prior to toxicity tests, fry were
gradually acclimated to reconstituted soft water (total hardness
40-48 mg/L and alkalinity 30-35 mg/L as CaC03> (COMMITTEE ON
METHODS FOR TOXICITY TESTS WITH AQUATIC ORGANISMS 1975).

Stock solutions of toxicants were prepared as follows.
Arsenic trioxide (As2O3) was dissolved in warm water by adding 10 N
NaOH and then neutralized with concentrated HC1. PCBs (Aroclor

3 u.̂ . dissolved in 100%1254 from Monsanto,
acetone.

St. Louis, Mo.)J were

Fry, randomly pipetted into battery jars containing 2.5 liters
of reconstituted soft water, were acclimated overnight to the test
chambers. The battery jars, each containing 10 fry, were randomly
arranged in a trough of running water at about 7 C (6.8-7.8).
Toxicants were then added to the battery jars and mixed by gentle
stirring. A control containing 0.4% acetone, the highest concen-
tration of acetone in the experimentals, was included. Toxicant
concentrations were selected by progressive bisection of intervals
on a logarithmic curve (AMERICAN PUBLIC HEALTH ASSOCIATION 1976,
p. 715). After beginning the tests, we counted and removed dead
fry at 3, 6, 12, 24, 48, 72, and 96 h. At 96 h, we also noted any

Use of trade names or manufacturers' names does not imply U.S.
Government endorsement of any commercial product.
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moribund individuals. During the extended bioassay, the water and
toxicants were renewed at 96 h and daily observations of mortality
were made until day 14.

Water samples were taken from the battery jars at 96 h for
analysis of Aroclor 1254 and total arsenic to determine possible
losses during that time. For Aroclor 1254 analysis, 100-mL samples
were extracted twice with petroleum ether and dried over anhydrous
Na2sO4. The volume of the combined extracts was reduced to about
1-2 mi by heating on a hot plate. The sample was allowed to cool
before transferring to a test tube, and the volume was adjusted to
10.0 mL with isooctane. After additional dilutions in isooctane,
the samples were injected into a gas chromatograph (WILLFORD et al.
1976). The samples were quantitated against standard solutions of
Aroclor 1254. Recovery after 96 h in the battery jars was 73% for
1.0 mg /L and 80-89% for 1.8 to 10 mg/L. All of the concentrations
were above the solubility of Aroclor 1254 in water (WIESE and
GRIFFIN 1978), even in the presence of 0.4% acetone. The 10 mg
PCBs/L "solution" was a cloudy suspension.

We saponified (REIKERT 1970) 10-g samples from homogenized
whole ciscoes before analysis for PCBs (WILLFORD et al. 1976) and
£,£'DDE (saponified £,£'DDT plus £,£'DDE) (HESSELBERG and SCKERR
1974). We quantitated PCBs with standards containing a 1:1:1
mixture of Aroclors 1248, 1254, and 1260, the Aroclors most common
in environmental samples. Based on isomer analysis of fish from
Lakes Michigan and Superior, typically the £,£'DDT represents about
25% of the saponified mixture, which includes at least 80% of the
total DOT complex present (HESSELBERG 1979). The £,£'DDE for the
standards was obtained from Analabs, New Haven, Conn.

Osing nondestructive neutron activation (DESOETE et al. 1972),
the Phoenix Memorial Laboratory, (diversity of Michigan, analyzed
water samples for arsenic. The analysis Included 10-h irradiation
In the Ford Nuclear Reactor, counting by lithium drifted germanium
detector, and data reduction by a computerized analyzer system
(NICHOLSON and RENGAN 1979). After 96 h, the recovery was 104 ±
0.9(SE)% for 19 samples containing 10 to 100 mg arsenic/L.

Analysis of arsenic (NICHOLSON and RENGAN 1979) in tissue
samples of eggs and adult ciscoes required additional steps to
remove bromine, which is normally present in environmental samples
and which Interferes with determination of arsenic. After passage
of Irradiated and acid-digested samples through a tin dioxide
column, we counted the radioactivity of the arsenic-76 with the tin
dioxide, using a Ge(Ll) detector.

We analyzed bioassay data by probit analysis (FINNEY 1952)
with a computer program (a modified version of IBM SSP package)
from the Dow Chemical Company, Midland, Mien. The probit slope, b,
is related to the classical slope function, S (LITCHFIELD and
WILCOXON 1949), as follows: b - (log S)'1. The additive indexes
for mixtures of arsenic and PCBs were calculated by the method of
MARKING (1977).
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RKS0LTS AND DISCOSSIOH

The difference in organochlorine concentration between male
and female C. hoyi was highly significant (P_<0.01) for PCBs and
significant (P<0.05) for DOE (Table 1). In view of the lower
concentrations of both PCBs and DDE in the females and eggs, these
contaminants are probably not preferentially stored in the eggs.
Concentrations of PCBs tended to be lower in Lake Superior ciscoes
than in those from Lake Michigan, but DDE concentrations were
similar in 1976 (GREAT LAKES WATER QUALITY BOARD 1978).

Other subsamples of the same fish homogenates and eggs yielded
the data for total arsenic shown in Table 1. The difference in
arsenic concentration between male and female C. hoyi was not
significant, and arsenic was not preferentially stored in the eggs.

Duplicate acute toxicity tests (96 h) with arsenic (As203)
were performed when the fry were 15 to 19 days old. The mean LC50
was 26 mg/L and the mean slope 5.6 probit/log (mg/L).

Acute toxicity tests (96 h) of arsenic and PCBs (Aroclor
1254), singly and in combination, when the fry were 22 to 26 days
old, yielded the results shown in Table 2. Only 20% of the fry
died in 10 ng PCBs/Lj however, all living fry were abnormally
lethargic. Accurate acute toxicity values for PCBs. could not be
determined because of the low solubility of these compounds.

The LCSO values from Table 2 show that PCBs in the presence of
arsenic (LCSO « 3.5 mg PCBs A-) were more toxic than arsenic either
singly (17 mg ASjÔ /L) or in combination (11 mg Â Ô /L). The
slopes of these three toxicity curves were not significantly
different (i.e., the 95% confidence limits overlapped). The
presence of hybrid C. hoyi x £. zenithlcus in the experimental
population probably contributed to the variability in the data.

TABLK 2

LCSO Values and Slopes of Toxicity Curves
(95% confidence limits in parentheses) for Arsenic and

PCBs, Singly and in Combination, after 96 Hours
(22-Day-Old Fry)

Toxicant

Arsenic
Arsenic (PCBs)
PCBs
PCBs (Arsenic)

LCSO
mg/L

17 (13-22)
11 (8-15)

>10
3.5 (2.6-4.7)

Slope
probit/log (mg/L)

5.39 (2.61-8.18)
3.90 (2.17-5.64)

3.92 (2.16-5.68)
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To determine the additive toxicity of the mixture according to
the method of MARKING (1977), we needed an LC50 value for PCBs
individually. Because 20% mortality occurred and all the fry
appeared moribund at 10 mg PCBs/L and because the low solubility of
PCBs made tests at higher concentrations unrealistic, the value of
> 10 ing PCBs/L was substituted in the equation below to estimate the
sum of biological activity:

where A and B - chemicals, i and m - toxicities (LC50s) of the
individual chemicals and mixtures, respectively, and S - sum of
biological activity. With our data, S <1.01, indicating simple
additive toxicity. Estimating the additive index by (S)(-1) + 1.0,
yields >-0.01, again indicating simple additive toxicity.

When the above toxicity test (Table 2) was extended to 5 days
after renewal of solutions at 96 h, a marked dose-related increase
in mortality occurred between days 4 and S, especially for PCBs
(Table 3). Apparently handling stress contributed to the increased
sensitivity of the fry. Based on data in Table 3, the sum of
biological activity, S, was 1.07, and the additive index was 0.07,
with 95% confidence limits of -1.73 to 1.95. Since these confi-
dence limits overlap zero, simple additive toxicity is assumed,
confirming the estimated results at 96 h. When the exposure of
these fry to arsenic was extended to 14 days, the LC50 value was
6.7 mg/I> (C.L. - 5.31 to 8.46), and the slope was 7.71 probit/log
concentration (C.L. - 3.29 to 12.12). After 14 days' exposure,
100% mortality was observed for all fry at 1.0 to 10 mg PCBs/L,
alone and in combination with 3.2 to 32 mg arsenic/L.

TABLX 3

LC50 Values and Slopes of Toxicity Curves
(95% confidence intervals in parentheses) for Arsenic
and PCBs, Singly and in Combination after 5 Days

(22-Day-Old Fry)

Toxicant

Arsenic
Arsenic (PCBs)
PCBs
PCBs (Arsenic)

LC50
mg/L

14 (11-19)
6.3 (3.1-10)
3.2 (1.9-5.5)
2.0 (0.96-3.3)

Slope
probit/log (mg/L)

4.56 (2.30-6.82)
2.32 (0.73-3.90)
1.98 (0.83-3.13)
2.27 (0.69-3.85)

Since additive toxicity was indicated for the mixture of PCBs
and arsenic, we selected the 96-h LC50 values for the mixture to
calculate safe concentrations (WARREN 1971). Using an application
factor of 0.01 (NATIONAL ACADEMY OF SCIENCES, NATIONAL ACADEMY OF
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ONAL ACADEMY OF

ENGINEERING 1973), we estimated safe concentrations to be 35 ug
PCBs/L and 110 ug arsenic/L. These values are well above the
reported levels of <10 ng PCBs/L and 1 yg arsenic/L for Lake Mich-
igan waters (GREAT LAKES WATER QUALITY BOARD 1975, COPELAND and
AYERS 1972). Hence, the water quality criteria and objectives for
PCBs (1.0 ng/L) and arsenic (50 ug/L) recommended by the U.S.
ENVIRONMENTAL PROTECTION AGENCY (1976) and the GREAT LAKES WATER
QUALITY BOARD (1975) would appear to be adequate to protect ciscoe
populations in Lake Michigan. Subacute tests at ambient (Lake
Michigan) and calculated safe concentrations should be performed to
test the no-effect hypothesis for arsenic and PCBs on ciscoes.
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The effect of
environmental pollutants
on human reproduction,
including birth defects

Richard B. Kurzel
Curtis L. Cetrulo

Tufts University School of Medicine
Boston, Mass. 02125

Nothing can cause greater fear in an
expectant mother than the prospect of
her unborn child being defective. And
nothing touches on a man or woman
more closely or personally than their
reproductive capacity. In recent years,
the public has become alarmed that
inadvertent or careless exposure to
chemicals in the environment might
predispose birth defects or reproduc-
tive failure. This fear and awareness is
reflected by the titles of articles in the
popular press, such as "The Poisoning
of America" ( / ) , and the admission
into our household vocabulary of a
whole new set of names that reflect this
problem: toxic wastes. Love Canal,
Agent Orange, dioxin. PCBs. Chemi-
cals from a range of environmental
sources have been implicated in birth
defects and reproductive failure. We
wil l concern ourselves here with
chemicals in the workplace, chemicals
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in the environment (from air pollution
and from carelessly disposed materials
that contaminate the land, water sup-
ply, or food chain), and food additives
or contaminants. Chemicals knowingly
ingested for therapeutic.(pharmaceu-
ticals) or other reasons (alcohol, cig-
arettes, drugs) are covered in other
reviews (2).

Concepts in teratology
The study of the induction of birth

defects by exogenous agents consti-
tutes the discipline of teratology. Terat
derives from the French meaning
"monster." In terms of environmental
factors, there are four classes of known
teratogens: radiation, viruses, drugs,
and chemicals. We will concern our-
selves only with this last class.

Birth defects are known to occur in
2-3% of all births (2). Of these, 25%
have underlying genetic causes, while
5-10% result from the influence of the
above classes of teratogens (3). The
remaining 60-65% arise from un-
known causes, but may follow from an
interplay of multiple environmental
agents with genetic factors. Of those
birth defects caused by environmental
agents, an estimated 4-6% are due to
chemicals (3); yet of all the sources of
birth defects, this is potentially the
most preventable. To date, only about
25 chemicals are known to be terato-

genic in humans, compared to over 800
in laboratory animals (4). It is un-
known if this discrepancy rests with a
greater resistance of humans to these
agents or a failure in our ability to de-'
termine sources of teratogcnicity in
humans. The potential danger is great
and growing, however, because of the
estimated 2000 new chemicals syn-
thesized each year and introduced into
the environment. .

In terms of the development of a
newborn, there are three periods of
development during which the fef ' •.
at risk for injury (5): fertilization __ j
implantation, the embryonic period,
and the fetal period. The period of
fertilization and implantation spans
from conception to 17 days, through
the blastocyst and early gastrula
stages. An injury during this stage re-
sults in cell death, from which the ag-
gregate of still totipotential cells can
recover and multiply, or if a lethal dose
is given, abortion or resorption of the
developing organism results. If recov-
ery follows, no structural deformity in
the embryo is seen. The embryonic
period (18-55 days) is when organo-
genesis takes place; therefore, this pe-
riod is one of extreme sensitivity to
teratogens (6). Within this time, each
organ system or morphologic trait has
its own critical period of development
(Figure 1). In later stages, the fetus is
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Chisso-Minamata disease: theeffectof mercury poisoning ina small Japanese fishing village

less sensitive, but not immune to en-
vironmental influences. During the
fetal period (56 days to term), toxicity
is mainly manifested as a reduction in
cell size and number. Growth retar-
dation or functional deficits (e.g.,
central nervous system injury or re-
tarded development) usually result
from injury during this stage of de-
velopment, since growth in size is the
primary process active at this time.
The developing brain is still prone to
injury, since its development (e.g.,
myelination) is incomplete even at
birth.

Over the years, a number of factors
have been determined to play a role in
the susceptibility of a fetus to the ter-
atogenic effects of an agent (7, 8).
These include:

1. the time of administration of the
agent during gestation, with the most
sensitive period being that of organ
differentiation

2. the route of administration and
dose, which involve the chemistry of
the compound, its toxicity, metabo-
lism, and toxicology of its degradation
products. As in other types of toxic
responses, the teratogenic effects of
most compounds follow a dose re-
sponse. However, the dose thresholds
for teratogenic effects are generally
not known. Safe thresholds are cur-
rently determined by both epidemio-

logic and laboratory studies. Manson
(5) has proposed that in teratology,
unlike mutagenic and carcinogenic
effects, safe threshold levels of a
chemical may exist: much work is
being expended in determining these
levels of exposure.

The unborn fetus is exposed to
chemical agents by hematogenous
transplacental transfer. The routes of
administration to the mother, on the
other hand, are by the usual routes,
including inhalation, absorption by
contact with the skin and mucous
membranes, and, most importantly,
ingestion.

3. the number of doses, with a sin-
gle dose being most effective in pro-
ducing defects. It is assumed with the
single high dose that the mother is not
given the chance to adjust to the agent
and to mobilize her detoxification
mechanisms. These mechanisms may
be protective in chronic low level ex-
posures.

4. species variation, most strikingly
demonstrated by the thalidomide in-
cident, in which exposure produced
limb defects in man, monkeys, and
rabbits, but not in mice and rats, on
which the drug was tested (7). There-
fore, the susceptibility to a chemical
depends on the genotype of the conc-
eptus, wi th different effects being seen
in different species and different

strains of the same species. The diffi-
culty this poses in the animal testing of
compounds and in the interpretation
and extrapolation of the results to hu-
mans is obvious. In humans, racial and
familial differences may even play a
role in susceptibility.

5. other factors, including the ex-
trinsic effects of maternal metabolic
diseases, maternal age (the young are
more likely to have defects), and
stresses such as nutritional deficiencies
(protein or vitamin A, E. and B? defi-
ciencies). Lastly, an embryo may be
more susceptible than the mother to
the effects of interaction between
multiple agents to which they have
been concurrently exposed (5). Ex-
periments in animal systems have
demonstrated the possibility of pro-
ducing additive, syncrgistic, or an-
tagonistic effects between multiple
agents.

Manifestations of damage to the
developing organism caused by a
chemical agent follows the injury or
death of certain cells; this interferes
with the orderly sequence of develop-
ment, giving rise to morphologic ab-
errations. A description of various
histologic and physiologic processes
whose alteration may give rise to ab-
erration can be found elsewhere (2).
Depending on the dose and stage of
embryonic development, the effect
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may be t e r a togcn i c or fetotoxic . Fe-
i o t o \ i c i t > is u s u a l l y seen al doses
h i g h e r t h a n those expected for terato-
Eemcity: at high doses, fetotoxici ty
may culmina te in fetal death. Al-
though teratogenic agents are usually
also fetoioxic, as we shall see. not all
feiotoxic agents are teratogenic (9).

The mechanisms by which chemi-
cals induce tcratogenic actions are in
general unknown. Unlike mutagenic
chemicals, which usually belong to the
alkylating class, teratogens may belong
to many classes of chemicals: their
mechanisms of action are therefore
different. Malformations and muta-
tions thus cannot be equated (10), nor
can carcinogens and teratogens ( I I ) .
Chemicals may act directly on the
embryo, fetus, or nconatc, or indirectly
via interference with maternal, pla-
cental. or fetal membrane functions
(12). Through laboratory animal
studies it has been shown that, as a
rule, chemicals lack specificity and
may affect many structures depending
on the time of administration (9). For
example, trypan blue in rats affects 15
structures, resulting in nine defects.
Conversely, different teratogens may
produce the same malformations.

It has been proposed that a fetus
may be more susceptible to damage by
chemical exposure than an adult, de-
pending in part on the development of
its liver enzyme conjugating systems
and on its greater blood-brain per-
meability (13). Indeed, for a given
exposure, there may be no maternal
signs of toxicity and the fetus may be
the only victim of the toxicant. This
has been verified in animal studies as
well as in human accidents, for exam-

ple, ch ron ic low level exposure to
m e t h v l m e r c u r y . Since al l substances
cross the placenta to some extent ,
suscept ibi l i ty to fetal damage may be
related to the effective dose reaching
the fetus. Some chemicals, such as
methylmcrcury. are preferentially
concentrated in the fetus, resulting in
injury to the central nervous system. In
most other instances, however, the
fetus is separated from maternal cir-
culation by the placenta, which per-
mits only a fraction of the concentra-
tion of chemical to reach the devel-
oping offspring. The placenta therefore
serves a protective role in reducing the
dose to the fetus. Transfer of a com-
pound across the placenta decreases
with increasing molecular weight, in-
creasing electrical charge, and de-
creasing lipid solubility. Transfer is by
simple diffusion for unbound chemi-
cals or for those with high dissociation
constants; in other cases, the mecha-
nisms of transfer include active trans-
port and pinocytosis. In some cases, the
placenta may also be involved in bio-
transformation of the compound.

The fetus may also be protected by
maternal homeostatic mechanisms
that lower the dose reaching the fetus
via detoxification by the liver (al-
though some metabolites may be more
toxic), excretion by the kidneys or in
the bile, or removal of the chemical via
binding to plasma proteins which are
less likely to cross the placenta. Peak
concenlrations in maternal circulation
may also be decreased by deposition
into maternal storage depots. ODT
and other lipid-soluble compounds, for
example, are deposited in the adipose
tissue, while some heavy metals are

FIGURE 1
The critical periods for teratogentetty

8 9 10 11 12 13 14 15 16
Days of gestation In rats

deposited in bone It has been sug-
gested tha t v a r i a t i o n in the dose of
chemical tha t reaches the fe tus , con-
trolled by the factors o u t l i n e d above.
may underlie the v a r i a b i l i t y in ob-
served species' susceptibility.

Much of what we know about tera-
tology in humans comes from clinical
observations and epidemiologic studies
(8). The bulk of information, however,
derives from animal studies. In the
discussion to follow, we will not l imit
ourselves to evidence linking chemicals
with birth defects alone, but also will
consider general aspects of fetal dam-
age, fetal loss, and reproductive im-
pairment in both the female and male.
Fetal damage may be in the form of
birth defects or neonatal sequelae of
fetal toxicity. This toxicity may be
compounded by continued exposure
during the neonatal period (postpar-
turn) to residues present in breast milk.
Fetal loss may be postimplantation
("early"), manifested by spontaneous
abortion, or by a late fetal loss, called
a stillbirth. Death may also follow in
the postpartum period due to either
severe life-threatening malformation;
or to cumulative toxicity to vital or-^"
gans. Reproductive impairment is the
most difficult entity to document. In
females, this may take the form of
preimplantation loss (damage to the
blastocyst, or even damage to the zy-
gote) or menstrual irregularities. In
males, impaired fertility may take the
form of decreased sperm counts, de-
creased mptility, or abnormal mor-
phology. In addition, reproductive
failure may be manifested as an in-
creased frequency of spontaneous
abortions in unexposed females due to
mutations in male gametes (5).
Air pollutants

Air pollutants commonly include
those compounds produced by cor

bustion of fossil fuels, such as the c
ides of nitrogen and sulfur and in-
completely oxidized hydrocarbons
such as carbon monoxide. The most
serious source of air pollution to a
pregnant woman is cigarette smoke
because it exposes the unborn baby to
high levels of CO, HCN, cadmium,
nicotine, and polycyclic aromatic
compounds such as benzo(a]pyrene.
which can cross the placenta (14).
Exposure to harmful gases may also
follow from occupational exposures,
such as to ozone, anesthetic gases, or
solvent vapors.

Ozone. A constituent of the earth's
upper atmosphere, ozone is considered
hazardous in exposures to concentra-
tions over 1 ppm. In areas prone to
smog, such as Los Angeles, levels may
reach 0.1 ppm, at which point an alert
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"The most serious source of air po l lu t ion to a pregnant «oman
is cigarette smoke because it exposes the unborn baby

to high levels of CO. HCN. cadmium, nicotine,
and polycyclic aromatic compounds such as

benzo| ;j]pyrene. which can cross the placenta."

may be called. Ozone concentrations
in high-altitude aircraft have been
measured at 1.2 ppm. four times the
permissible occupational exposure
level set by OSHA. Some flight at-
tendants have claimed that they suffer
higher rates of spontaneous abortions
and birth defects due to ozone expo-
sure (/•/). but no confirmation of these
claims is available. However, Fetner
(15) has shown that ozone is muta-
gcnic to human cell lines in culture,
producing chromosomal breaks (at
8 ppm) equivalent to that produced by
200-rocntgen x-rays.

Carbon monoxide. More informa-
tion exists on the effects of carbon
monoxide (CO) on the fetus than any
other air pollutant. Industrial com-
bustion, automobile exhaust, and cig-
arettes are the major sources of expo-
sure to CO. Although "mean" urban
CO concentrations are 3-10 ppm, near
factories or at busy street intersections
levels may be 50- JOO ppm. With these
high CO concentrations, the blood
concentration of car boxy hemoglobin
can be 4-6% (the equivalent of smok-
ing a pack of cigarettes per day), and
smoking may raise these levels an ad-
ditional 4-5% per pack per day (14).

Carbon monoxide diffuses across
the placenta and has a half-life of
1.5-2 hours. Under steady-state con-
ditions, the carboxyhemoglobin con-
centration in the fetus exceeds that in
the mother by 10-15%; the fetal arte-
rial oxygen tension, which is much less
than that in the adult, is decreased
further. The decreased oxygen tension
is associated with a redistribution of
fetal blood to the brain, heart, and
adrenals. Experiments with CO on rats
and rabbits have shown a decrease in
fetal weight and increase in perinatal
mortality (14). Brain damage with
decreased brain concentrations of
protein, nucleic acids, and neure-
transmitters has been demonstrated
and is assumed Co follow from cellular
hypoxia. Studies in rats show that re-
productive failure via reabsorption of
the embryo and early spontaneous
abortions (16) is concentration-de-
pendent. Teratogenic limb deformities
were produced in chicks (17) and
rabbits (16) exposed to high concen-

trations (180-250 ppm). Brain dam-
age occurred in Long-Evans rats (16).
In animal studies in which the con-
centration of carboxyhemoglobin ex-
ceeded l5Tc for 30 minutes, the inci-
dence of fetal death was 57%. In a
survey on human carbon monoxide
poisonings. Longo (16) reported an
increased rate of stil lbirths when the
concentration of carboxyhemoglobin
was 20-49%. Some of the surviving
infants from these poisonings had
neurologic sequelae including mental
retardation, seizures, spasticity, and
retarded psychomotor development.
Autopsies on the stillborns confirmed
brain damage (cerebral atrophy).

The 1970 amendment to the Clean
Air Act recommended a maximum
allowable concentration of CO of
9 ppm for eight hours: however, a
pregnant woman may be more sus-
ceptible to the effects of CO since in
pregnancy oxygen consumption is in-
creased 15-25%. and the blood oxygen
capacity is decreased. Safe levels for
pregnant females therefore are ex-
pected to be lower than this.

Other air pollutants. Hydrogen
cyanide may be significant in its effects
on the fetus and is primarily found in
cigarette smoke. Its mechanism of
action is expected to be similar to that
of CO, and it may inhibit the devel-
opment of the fetal central nervous
system. No data is available on the
effects in the pregnant woman.

Certain heavy metals may be found
in polluted air and may act as terato-
gens. Primarily these include lead and
cadmium and are discussed below.

Vapors from occupational expo-
sure. Many vapors one may be occu-
pationally exposed to are toxic, but few
are known to be associated with lera-
togenicor fetotoxic effects in humans.
The only two implicated so far are
tetrachloroethylene and, with less
certainty, nitrous oxide.

It has been known for many years
that female anesthesiologists and
anesthetists, as well as the uncxposed
wives of male anesthetists, have a sig-
nificantly higher risk of spontaneous
abortions, infertility, and birth defects.
A review by Smithells (18) noted that
the rate of spontaneous abortions was

elevated twofold (29.7-37.8%); a study
by the American Society of Anesthe-
siologists found a higher malformation
rate (60% increased) in those exposed,
as well as in the wives of exposed
males. The identity of the anesthetic
gas has not been established, but the
effects may be due to nitrous oxide
(N2O). In animal studies. Fink (19)
found NjO to be lethal to chick em-
bryos, and both fetotoxic and terato-
gcnic to Sprague-Dawley rats. These
results were confirmed by Lane et al.
(20), who noted a fourfold increase in
fetal resorption as well as ocular, cen-
tral nervous system (CNS), and skel-
etal defects in rats. It has been hy-
pothesized that NiOor its metabolites
may interfere with organogenesis by
inhibiting vitamin B|j-dependent re-
actions, with inactivation via oxidation
of cobalamine taking place. Appar-
ently in addition to acting as a tcrato-
gen, the offending gas also is a muta-
gen, causing abortions in the unex-
posed female via mutations in the male
gametes. In animal studies on other
anesthetics, isoflurane (2/) has not
been shown to have fetotoxic or tcra-
togenic effects.

Exposure to various solvent vapors
(such as benzene and vinyl chloride)
are considered hazardous to the preg-
nant woman, but no data on terato-
genic effects in humans are available.
Benzene and its methyl derivatives
were found to be fetotoxic in rats (22),
mice, and rabbits (23) at high doses,
but Watanabe has described terato-
genic effects (cleft palate and mi-
crognathia at 3 cm3/kg subcutaneous)
in mice (24). Vinyl chloride was found
to cause CNS defects in rats (25), and
trichloroethylene is toxic and terato*
genic in rats (26).

Tetrachloroethylene, a solvent
present in dry-cleaning fluid, has been
reported to cause cholestatic jaundice
in a breast-fed infant (27). The mother
was exposed to the vapors chronically,
which accumulated in her breast milk.
This chlorinated hydrocarbon is
therefore fetotoxic, but its teratogenic
capability is undetermined. An ex-
tensive list of solvents shown to be fe-
totoxic in various animal systems was
tabulated by Wilson (13); a few others
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c h l o r o f o r m , and m e i h y l e n e c h l o r i d e .

Food addit ives
Food add i t ives are compounds

k n o w i n g l y added to food products to
color, preserve, or enhance the taste of
the product. In a broader context, they
may also include some natural con-
s t i tuen ts of food that have tcratogenic
potential , as well as inadvertent addi-
tives or contaminants. These may be
na tu ra l products, contaminants of
processing, or residues, either on grains
or stored in animal tissues. Examples
of these are pesticides, PCBs, and
heavy metals; these will be discussed
later.

Although the Dclaney Clause of the
Food. Drug, and Cosmetics Act pro-
tects the public from additives that
may be carcinogenic based on animal
studies, no such clause exists with re-
spect to leratogens. Cognizant of the
difficulties involved in performing
tcratogenic testing and in interpreting
the sometimes contradictory results,
the Teratology Society has felt it in-
advisable to enact such regulations
(28).

Food dyes. No food coloring has
come under closer scrutiny or criticism
than Red Dye # 2, or Amaranth, a dye
used since the turn of the century
without reported hazards to humans.
The dye was used in soft drinks, gela-
tins, cereals, candy, lipsticks, pill
coatings, etc. One study on Osbornc-
Mendel rats reported a dose-related
embryotoxicity with both early and
late deaths (29). No tcratogenic ef-
fects were seen, but it was also carci-
nogenic in rats. Subsequent studies in
the same and other mammalian
species revealed a mild tendency for

h'i en .i j ' .a,,,ul iu,i luss jnu i;'n.reused
e m b r y o resorpnon ( 3 0 - 1 6 ) The v a r i -
a b i l i t y o f the r e s u l t s among i n v e s t i -
g a t i n g groups brought the signif icance
of these results under question. Again,
no tcratogenic effects were seen. The
dye was removed from the market be-
cause of its potential carcinogenicity.
However, subsequent work has not
verif ied this azo compound's carcino-
genicity (37).

Artificial sweeteners. Calcium cy-
clamate is an artif icial sweetener first
introduced in 1950 and widely used
without ill effects. In 1969, one case
report (38) appeared describing two
infants born with a rather rare com-
bination of cleft lip, cleft palate, and a
lobster claw deformity. Allegedly, the
only positive factor in the history of
both mothers was the use of artificial
sweeteners (cyclamates) in low-calorie
foods. No other information of tera-
togenic effects of artificial sweeteners
in humans is available. Studies on cy-
clamate, saccharin, and sucrose have
failed to show teratogenic or embryo-
toxic effects in rats, mice, rabbits (39),
or zebra fish (40). Studies with 35S-
cyclamate (39) show that it does cross
the placenta and that its metabolite,
cyclohexylamine, causes preimplan-
talion loss, early fetal death, and
growth retardation in Swiss mice (41).
Because cyclamate caused bladder
tumors in rats, its use was limited in
1969.

DES. Few people today are un-
aware of DES (diethylstilbesirol), a
drug prescribed between 1940 and
1970 to prevent miscarriages. Herbst
(42) showed that the infants exposed
in-utero suffered carcinogenic and
teratogenic effects in the females, and
teratogenic effects in the males. The

b i r i n G c i e c i * c e n t e r e d a r o u n d trie
g e n i t a l i a . w u h t h e f e m a l e s h a v m c
cervical and v a g i n a l adcnosis and
possible hypoplas t ic cervixes and
uterine anomalies (43). These females
later in l i fe have a higher incidence of
premature deliveries due to these de-
fects. The exposed males have a higher
incidence of sperm abnormalities (and
therefore possible infer t i l i ty ) , undes-
cended testes, hypospadias, and epi-
didymal cysts. DES also has the dis-
tinction of being the only known trans-
placental carcinogen in humans, giving
rise to vaginal clear-cell adenocarci-
noma in select females. About 350
recorded cases of this cancer in young
women are known, 80% wi th docu-
mented exposure to DES. Signifi-
cantly, Herbst pointed out tha t the
effects of DES seem to be independent
of dose, un l ike most teratogcns. Be-
sides exposure to the pharmaceutical.
the population at large may have been
exposed to DES as a contaminant in
food because of its use to fatten beef
and poultry. Before its use for this
purpose was discontinued, an esti-
mated 50 million people were exposed
to this compound in trace amounts.s
The effects, if any, of such an exposure
have not been determined. Birth de-
fects similar to those found in humans
have been reproduced in mice (44).

The mechanism of action of DES
proposed by Vorherr et al. (44) in-
volves the unstable cis form, which
attracts electrons to form an epoxide
at the double bond that can then attach
to DNA. A DES metabolite, hydrox-
ydicnestrol:

may also form an epoxide that is highly
reactive. This may explain the car
nogenic action.

Preservatives. Sodium nitrite, a
food preservative with antibacterial
properties, has come under fire be-
cause of its tendency to be converted
by bacteria in the gut to nitrosamines.
By itself, NaNO: has mutagenic ac-
tion in bacteria, fungi, and phages.
Studies in mice (46), as well as our
long-term experience in humans, have
failed to show reproductive or terato-
genic effects. The only demonstrable
effect of NaNOj on the mammalian
fetus (CD-I mice) is its involvement in
the oxidation of ferrous iron in hemo-
globin to produce methemoglobin.
with a resultant decreased blood oxy-
gen carrying capacity. This oxygen
deprivation in the fetus is manifested
by an increased liver production of
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"Studies " i t h radiolabek-d o c l a m a t e urn a r t i f i c i a l s \ \o iMener
used as a food a d d i t n e i show t h a t it does cross the placenta

and tha t its metabolite, oclohexylamine. causes preimplantation loss.
early fetal death, and growth retardation in S»iss mice.. . .

its use was limited in 1969."

fetal red blood cells. The effect is
dose-dependent (46) and is probably
insignificant in humans at usual doses
of exposure.

Nitrosamincs are of concern be-
cause of their mutagenicand carcino-
genic action in lower animals. Several
nilrosamincs are also known to be
transplacental carcinogens in animals.
In humans, they are formed in the
colon by bacterial conversion of
NaNOi and enzymatic reduction of
nitrates. Independent of their carci-
nogenic effect, the ethyl and methyl
derivatives are embryotoxic in rats,
chicks, and hamsters (47); malfor-
mations have been demonstrated in
BD-rats (48) only at near-lethal doses
(ocular, brain, skeletal, and limb de-
fects). Effects on humans arc un-
known. In addition to the above, N-
nitrosodimethylamine may be found
outright in six out of seven Scotch
whiskeys and in 18 brands of beer
(14). Beer may be the major dietary
source of this compound to some
pregnant women. PDA has estimated
the levels of nitrosamines in beer to be
at or below 1 ppb (49).

Another bactericidal food preser-
vative, ethyl-/>-hydroxy bcnzoate, was
found to be without reproductive effect
in studies on rats (50).

Chemicals naturally occurring in
foods and inadvertent food additices.
That natural products may be em-
bryotoxic in lower animals is well
known. For example, to the unlucky
and unwary swine, wild black cherry,
poison hemlock, jimsonweed, and to-
bacco stalks all are embryotoxic (13).
Little is known of the teratogenic po-
tential of natural products in humans.
For centuries, Mexican women have
terminated unwanted early pregnan-
cies by drinking tea brewed from the
zoapatle leaf; the active components,
zoapatanol and montanol. have oxc-
pane dilerpene structures (51). Labor
can also be -induced and early
pregnancies terminated by ingestion of
ergot alkaloids produced by the fungus
Claviceps purpurea (52), which may
be a contaminant of grain, especially
rye. Epidemics of ergot poisoning s t i l l
occur. But in both of these cases, the
action of the natural products is

probably to induce abortion by elli-
citing labor, rather than by being em-
bryotoxic. Mycotoxins may also be
embryotoxic and teratogenic in lower
animals, the most notorious of these
being aflatoxin B\ and GI, ochratoxin
A. rubratoxin B. and T-2 toxin (53).
There has been speculation that a toxic
product of the fungus Phytophihera
infestans on blighted potatoes (52)
may cause the higher incidence of
neural tube defects (anencephaly and
spina bifida) in humans seen in Ireland
and the British Isles. This theory re-
mains unproven.

Indirect additives may also take the
form of trace chemicals migrating
from food packaging, such as vinyli-
dine chloride from plastic wrapping.
Studies of this compound in rats and
rabbits have shown embryotoxicity (at
80 ppm and 160 ppm), but no birth
defects (54). One of the more studied
possible food contaminants is nitrilo-
triacetate (NTA)—a compound used
in detergents to replace sodiumtripo-
lyphosphate, and which can enter food
by adhering to eating utensils. The
compound is a weak chelating agent
able to sequester divalent cations, e.g.,
Ca2"*". The compound was voluntarily
discontinued by its manufacturers in
1970 due to preliminary data
suggesting teratogenic capacity by its
ability to mobilize heavy metals, per-
haps inactivating enzymes (e.g., con-
taining Zn2+), and its ability to con-
centrate these heavy metals in the
fetus. It was speculated that it could
perhaps enhance the teratogenic ef-
fects of cadmium and mercury (55).
Studies by Nolan (56, 57) on rats and
rabbits failed to substantiate fears of
embryotoxicity or teratogenicity. In
addition, Scharpf (58) showed that
NTA had no effect on accumulation of
cadmium in the fetus and that, in fact,
this chelator offered some protection
against the toxicity of cadmium (59)
by inhibit ing the deposition of this
metal in maternal and fetal tissues in
rats (58). In humans, however, che-
lating agents are useful in the treat-
ment of acute inorganic lead and
mercury poisoning, but not in the
treatment of chronic mercury or cad-
mium toxicity (60). Likewise, chelat-

ing agents have not been effective in
protecting the unborn h u m a n fetus in
select cases of heavy-metal poisoning
(Pb.Hg).

Caffeine is an additive to soft drinks,
chocolate, and analgesics, but a na tu-
ral constituent of coffee and tea. In
September 1980, FDA issued a warn-
ing to pregnant women to stop or limit
their use of caffeine (61), based on its
observations of teralogenic effects.
Some rats given the equivalent of
12-24 cups of coffee per day had
missing digits, delayed skeletal devel-
opment, and growth retardation.
Concern was raised because these de-
fects were seen at doses corresponding
to the higher levels of human caffeine
consumption. About 100 000 pregnant
women are estimated to consume eight
or more cups of coffee per day, and the
intake from all sources is about 193
mg/day. More severe defects (limb
reduction, cleft palate) were seen in
higher doses in three strains of mice
and two strains of rats (62). However,
other studies (63) at low caffeine doses
failed to duplicate these findings in
rats.

Caffeine is structurally a purinc and
is mutagenic in bacteria. It crosses the
human placenta and is distributed to
all fetal tissues. Uptake by the blasto-
cyst has been demonstrated.

No effects of caffeine on humans
are proven. However Lechat (64)
studied 202 cases of birth defects in
humans and found a statistically sig-
nificant difference in the coffee con-
sumption in the group with defective
babies. An increase in the frequency of
birth defects was seen in those who
tended to be heavy drinkers (over seven
cups per day). The study was con-
trolled for age and for cigarette and
drug consumption.

Caffeine (as well as calcium cycla-
mate and dimethylnitrosamine), al-
though a mulagen. has also been
demonstrated to be without effect in
inducing sperm abnormalities in male
mice (65).
Pol) halogens ted biphenyls

PCBs. Polychlorinated biphenyls
are a family of compounds largely used
as heat exchangers (for example, in
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transformers). Over the years, careless
disposal of PCBs has contaminated the
surface soil and aquatic system of this
country. Its deleterious effects on
health and reproduction were not fully
appreciated until this last decade.
Gradually, a picture of embryotoxicity
and teratogenicity in many species
evolved. In fish, spinal defects and
decreasing numbers of striped bass in
the Hudson River (66) and East Coast
waters was seen, and the commercial
salmon industry in the Great Lakes
was virtually destroyed (67). Acci-
dental poisoning of chickens (68) with
fish meal resulted in decreased
hatchability, and CNS and ocular
defects. Growth retardation, liver
damage, and neonatal deaths were
observed (69). In mammals, an in-
crease in premature deliveries with
neonatal deaths were observed in
California sea lions (70) which had a
two- to eightfold increase in concen-
tration of PCBs and organochlorine
pesticides in the mothers and pups.
Reproductive failure in ranch minks
(70) and embryotoxicity in rabbits
(47) have also been recorded. In 1968,
teratogenicity in humans was estab-
lished.

PCBs tend to persist and accumu-
late in the environment because of its
slow or nonexistent biodegradation.
The compound is readily passed
through the marine food chain and
accumulates in fish tissues. This ac-
cumulation is related to the com-
pound's relative insolubility in water
and high lipid solubility, which causes
tissue levels to be elevated by con-
ceivably a factor of a million or more.
This is called bioconcentration. PCBs
are usually sequestered in fatty tissues
such as adipose and in the breast.

Long term, low-level exposures to
PCB therefore give rise to high con-
centrations in breast milk, especially
in fish eaters, since human milk is
I -4% fat and exists in equilibrium with
the body's other fat stores in terms of
chemicals present. PCBs have been
detected in human breast milk at mean
concentrations of about 87 ppb (71).

Human experience with PCBs
stemmed from a large-scale poisoning
from ingestion of contaminated rice
(cooking) oil in southern Japan in 1968
(72). Leakage of the heat exchanger
from a pinhole in the heating coils
contaminated the rice oil to levels of
2000-3000 ppm. The poisoning dose
in this incident amounted to 0.5-2
g/day. One thousand fifty-seven re-
corded victims had symptoms which
included an acnelike rash, headache,
nausea, and diarrhea. Thirteen infants
were born to exposed women—two
were stillborn and the others showed
growth retardation; dark cola-colored
pigmentation of the skin, gingiva, and
nails; conjunctivitis; and neonatal
jaundice at birth. Infants who were
breast-fed had higher serum PCB
levels, and a nine-year follow-up re-
vealed some neurologic and develop-
mental impairment. A 13-year fol-
low-up found PCBs in the tissues of
children who had been breast-fed, the
level varying with the duration of
breast feeding (71).

In studies with rats, transfer of
PCBs by breast milk exceeded trans-
placental transfer by a factor of 10
(2% vs. 0.28%) (73). Therefore, for
women with high exposures to PCBs,
the American Academy of Pediatrics
has recommended assaying the breast
milk before suckling the infant. Also,
eating sports fish is discouraged during

pregnancy since ihis is the major di-
e t a r y source of PCBs D i e t i n g d u r i n g
pregnancy is discouraged since th is
may encourage mobi l i za t ion of
chemicals from the fat stores.

This c l inical enti ty related to PCB
ingestion has been variously named
"Yusho" (oil disease), "cola-colored
baby syndrome," and "PCB-induced
fetopathy." The mechanism of action
is unknown. PCBs are a family (68) of
210 possible chlorinated compounds,
and some indication exists that the
less-chlorinated species may be more
toxic (69). Although the original heat
exchanger in the Japanese poisoning
was known to contain contaminants
such as polychlorinatcd dibcnzofurans,
which are embryotoxic and more po-
tent than PCBs (68), the full spectrum
of the disease was still produced in
rhesus monkeys with purified PCBs
(74).

PBBs: Little is known of the tcra-
togenic potential of polybrominated
biphenyls, used as fire retardants. Only
one accident with this compound is
recorded. In 1973-1974, PBB was
accidentally mixed with cattle feed i
Michigan (14) and an increase in th*-'
incidence of stillbirths in the fed cattle
was noted. Subsequently 30 000 cattle,
sheep, swine, and poultry were
slaughtered. Unfortunately, the cattle
carcasses were used as pig food and the
manure was used for fertilizer
throughout the state. PBBs at 68 ppb
have since been detected in the breast
milk of women in Michigan (71). No
harmful effects on human pregnancies
or infants have been reported, how-
ever.
Pesticides

Organic pesticides become pollu-
tants when they enter our food supplies
as inadvertent additives; they are
present in trace amounts on grains :->
our surface and ground drinking wa
and even in the tissues of lower animal
forms. Pesticides by definition include
insecticides, herbicides, and fungicides.
These in turn can be variously sub-
classified by chemical groups, such as
the methyl carbamates, organophos-
phates, organochlorides, ureas, and
phenoxyacetic acids. The teratogenic
capability of pesticides is not limited to
any particular grouping, but rather
transcends all groups; the same is true
of pesticides and their mutagenic ac-
tion.

That pesticides were associated with
reproductive failure in lower animals
became apparent in the 1960s with
decreased hatchability of avian species
("The Silent Spring"). Since then, the
teratogenic action of pesticides has
been confirmed, and extensive listings
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"In 1^6^. scientists reported thai DDT. DDE, lindane. dieldrin.
and lieptjchlorepoxide v»ere present in cord blood (fetal) and tissues

of 1() stillborn infants, in levels equal to that of adults.
This confirms the transplacental transfer of these compounds,

which we now know can also reach the newborn >ia breast milk."

of pesticides and their embryotoxic and
icratogenic effects on various lower
species have been published: see. for
example. Wilson (13). Good studies
and well-documented cases of terato-
genic effects of pesticides in humans,
on the other hand, arc lacking. Only
the organomcrcurials are conclusively
known to be teratogenic in humans
(13).

Because of their lipid solubility and
resistance to degradation, the presence
of organochlorine pesticides have also
been well documented in human adult
tissues (75). In 1969.Curleyet al. (76)
reported that DDT. DDE, lindane.
dieldrin. and heptachlorepoxide were
present in the cord blood (fetal) and
tissues of 10 stillborn infants, in levels
equal to that of adults. This confirms
the transplaccntal transfer of these
compounds, which we know can also
reach the newborn via breast milk.
Whether these compounds reaching
the fetus exert toxic or teratogenic ef-
fects is speculative. One Japanese re-
port (12) notes increased fetal deaths
and malformations following acute
high-level spraying of organophos-
phorus insecticides on field workers.
Another contention of birth defects in
humans from such sprayings was
raised by Nora (77), who reported two
infants with limb defects (talipes
equinovarus) from 50 mothers with
first trimester exposure, and 125 with
later exposures. However, in this poor
study, the pesticides were not identi-
fied, nor was the history of concurrent
drug exposure explored.

An interesting observation by
O'Lcary et al. (78), noting elevated
pesticide levels in premature infants,
may have some implications with re-
spect to human fetal toxicity. Mea-
suring DDE levels in fetal whole blood,
they found that premature infants had
levels elevated three- to fourfold rela-
tive to control, term infants. Although
these elevations-.could be explained by
the absence of body fat to store the
compound, which is common in pre-
term infants, a causative role of chlo-
rinated pesticides in inducing prema-
ture deliveries cannot be ruled out.
Other supporting data comes from
animal studies. DeLong (70) reported

that California sea lions which deliv-
ered their pups prematurely had an
eightfold increase in fat levels of
chlorinated pesticides (DDT. DDD.
DDE. and PCB) relative to those
which delivered pups at term. The
premature pups themselves had a
twofold elevation in fat levels of these
compounds. Similarly, in New Zea-
land, in white rabbits fed DDT (50
mg/kg). a premature delivery rate of
57Tc was noted, with a 25% early fetal
loss (79).

Two classes of compounds of par-
ticular interest are phenoxyacetic acids
(2.4-D and 2.4.5-T) a'nd dioxins
(2.4.7.8-TCDD). The question of their
teratogenic potential arose following
their use in Vietnam, where an in-
crease in birth defects was reported
(SO) with the initiation of the defolia-
tion program. "Agent Orange" is a
mixture of 2.4,5-trichlorophcnoxy-
acetic acid (2,4,5-T) and 2.4-dichlo-
rophenoxyacetic acid (2.4-D). herbi-
cides that also contain the contaminant
2.3,7.8-tetrachlorodibenzo-p-dio.xin
(TCDD). formed from chlorophenols
in the synthesis of the herbicides (9).
Questions have been raised about the
effects of these chemicals on the fer-
tility of 3000 exposed veterans and
about possible mutagcnic effects on
their gametes. Evidence linking
2.4.5-T with defects in mice was first
provided by a Bionctics study (80).
Subsequent work by Courtney (81)
showing increased incidences of cleft
palate and cystic kidneys in mice and
rats was later shown to be primarily
due to the contaminant TCDD (82,
83). TCDD is an extremely potent fe-
totoxicant and teratogen, and can in-
duce cleft palate in mice with doses as
low as 1 pg/kg-d (84). Purified
2.4.5-T in high doses has been found to
be teratogenic also (8S)\ data on 2.4-D
is as yet inconclusive. Of all the iso-
mers of dioxin, only the 2.3.7,8-tetra-
chloro- form has a high embryotoxic
effect: an important aspect of TCDD's
effect may be to potentiate the tera-
togenic effect of other compounds
(86).

The National Toxicology Program's
latest study on male mice fed 2,4-D,
2,4.5-T. and TCDD has been unable to

show an effect on male fertility, re-
production, germ cell toxicology, or
survival or development of offspring
(37). However, the results of the
teratologic studies in animals with
2,4.5-T and TCDD are clearly positive.
In humans, on the other hand, a rela-
tionship between exposure to these
compounds and teratogenic or feto-
toxic effects as listed below are sug-
gestive but largely circumstantial:

1. An inordinate number of abor-
tions were noted in women in Alsea.
Ore., in 1978 after the area had been
sprayed with 2.4,5-T containing
TCDD(SS).

2. A similar spraying in New Zea-
land resulted in two children with
meningomyeloceles from mothers who
drank rainwater collected from the
roofs (89). The rainwater was not as-
sayed for TCDD, however, and so this
association was implied but un-
proven.

3. An elevated incidence of cleft
palate was noted in Australia in areas
following sprayings with 2,4,5-T
(90).

4. An elevated rate of spontaneous
abortions was noted in the Love Canal
district. Dioxin. along with many other
chemicals, was present in the toxic
wastes at the dump site, but direct
cause and effect has not been shown.

Another pesticide that gives evi-
dence of human neonatal toxicity is
hexachlorobenzene, a fungicide. Al-
though human fetotoxicity or terato-
genicity has not been established, the
compound's presence in breast milk is
known, and incidents of newborn poi-
sonings following breast-feeding have
been documented in Turkey. Skin
pigmentation and a syndrome of tox-
icity resembling porphyria cutania
tarda was described (91).

The class of pesticides called the
phthalimides is of interest because of
their structural similarity to thalido-
mide, a known teratogen. Captan,
folpet, and difolatan, fungicides in
wide usage, are mutagenic in bacteria,
and captan has aikylating capability.
Adducts of SCCI3 with guanine have
been isolated and usually result in base
pair substitutions (92). Although birth
defects are seen in chicks, none have
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^isc. no -CAerse ei iccts ha^e been seen
in humans'. As described below, the
mechanism of action of tcratoeemcity
of trulidomidc in terms of structure-
function relationships is unsolved
(93).

Metals and inorganic compounds
Of all classes of chemical com-

pounds, the metals arc said to have the
greatest potential for embryotoxicity
and teratogenicity. Wilson summa-
rized the experience of animal testing
with metals (13) and found that of 25
metals. 20 were associated with in-
creased fetal death and 17 were tera-
togenic. Some of what we know of the
teratogenic potential of metals in ani-
mals is given in Table 1. Metals which
jre definitely embryotoxic or terato-
genic in humans include mercury and
lead. Those for which a high index of
suspicion exists include lithium, sele-

i ni:sc
compounds as uell as tellurium, cad-
mium, zinc, and chelaies will be dis-
cussed below.

Alkyl mercury. Ofall human tera-
togcns. no other compound has been
involved in more poisoning incidents or
claimed more victims than mercury.
Its organic form is used as an anti-
fungal grain seed dressing, and mul-
tiple accidental poisonings have oc-
curred when contaminated grain was
mistakenly consumed. The first such
incident occurred in Sweden in 1952
when methylmercury dicyandiamide
(panogen) was ingested, resulting in
intrauterinc toxic effects (94). The
infant born had brain damage mani-
fested by mental retardation, incoor-
dination, and inability to move. Poi-
sonings with the same antifungal
compound occurred in Guatemala in
1963-1965 (95). In 1963 in Pakistan,
100 cases of poisoning were recorded

lolloping mgcstion of seed treated w i t h
Agrosan-GN, a mixture of phcn\l-
mercury acetate and ethylmercu'ry
chloride (96). Large-scale poisonings
occurred in Iraq (95) in 1956 and
1960, with 6530 victims and 459 doc-
umented hospital deaths. In this case,
flour was prepared from wheat seed
treated with the' antifungal seed
dressing ethylmcrcury p-toluene sul-
fonanilide. Thirty-one pregnant
women were victims and 45% died.
Infants born with blood mercury con-
centrations of 2500 ng/mL suffered
severe brain damage.

Also, infants born before the epi-
demic were exposed to organic mer-
cury in breast milk, where its concen-
tration was 3% of that in the mother's
blood. One poisoning in the U.S. was
noted when a pregnant woman in New
Mexico ate pigs that had been fed
contaminated grain (97). Her infant
was born with tremors and convul-

TABLE 1
Teratogenic metals

Sp«ClOT Effect on f«hu R*l*r«nc*

Arsenic

Cadmium

Calcium
Cobalt
Copper
Gallium
Germanium
Indium
Lead

Lithium
Mercury

Molybdenum
Nickel

Selenium

Strontium
Thallium

Titanium
Zinc

Mice
Hamsters
Mice
Rats
Hamsters
Hens
Chicks
Mice
Hamsters
Hamsters
Hamsters
Rats
Mice
Chicks
Hamsters

Primates
Birds
Mice

Rats
Hamsters
Mice
Chicks

Rats
Hamsters
Chicks
Mice
Sheep
Rats
Chicks
Rats

Rats
Hamsters

Increase in males bom
Eye defects, exencephaly, renal agenesis
Abortions, many defects
Abortions, many defects
Brain, eye. limb, craniofacial defects
Increased anomalies
Eyes, lower limb defects
Abortions
Spina bifida. limb defects, exencephaly
Spina bifida. limb defects, exencephaly
Digital defects
Early & late deaths
Abortions, many defects
Growth retardation, eye and neck defects, mlcromelia
Sacral vertebral defects, splna bifida, eye defects.
exencephaly

Cardiac anomalies
Fetotoxlc
High fetal deaths, cleft palate, retardation In growth
and brain development

Abortions, brain damage
Poor head ossification
Slight toxicity
Abortions, growth retardation, eye and limb defects.
exencephaly

Abortions, growth retardation, eye defects
Abortions
Abortions, many defects
Abortions, growth retardation
Limb, eye defects
Abortions, growth retardation. Increase In anomalies
Abortions, growth retardation, achondroplasla
Growth retardation hydronephrosls. ossification
defects

Abortions, growth retardation
Abortions, exencephaly

117
115
125
126, 127
128
47
156
13
155
155
155
152
152
153
113, 151

13
47
102

100
9
125
149

150
149
118
46
119
47
154

125
47
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"No other compound has been imohed in more poisoning incidents
or claimed more \ ict ims than mercury. At Minamata. Japan.

700 cases of human poisonings were recorded with a 38^ mortality rate... .
The lack of maternal symptoms attests to the ease

with which methvlmercury crosses the human placenta."

sions. and at the age of one year was
blind and could not sit up.

Other mercury poisonings have
followed from discharge of this ele-
ment into natural bodies of water. For
example, the wood pulp industry has
been gui l ty of discharging phenyl
mercury compounds into fresh water
bodies, and chlorine-alkali plants have
discharged metallic and inorganic
mercury compounds (95). Discharge
into our salt waters has essentially
destroyed the swordfish industry, be-
cause of the high flesh alkyl mercury
content. Currently, PDA limits for
methvlmercury in fish for consumption
is 0.5-1.0 ppm. Large-scale poisonings
of humans who ale fish contaminated
with methvlmercury were recorded in
Japan at Minimata Bay (1953) and at
Niigata (1964) (95. 98). The fetal
cncephalopaihy or neurological dam-
age that resulted from exposure during
intrauterine development has since
been named Minimaia disease.

At Minimata Bay, inorganic mer-
cury compounds used as catalysts at a
plastics plant were dumped into ihe
bay. The metallic and inorganic mer-
cury salts were converted to alkyl
compounds by anaerobic bacteria. The
compounds were then taken up into the
aquatic chain and by bioconcentralion
attained high levels in fish flesh. About
700 cases of human poisonings, and a
38% morialily rale, were recorded. In
one area, ihe excess of newborn victims
(17.3% of viciims) relalive to pregnant
victims underscored the greater -
ccpt ibi l i ty of ihe newborn (5
poisoning (¥7). In fact, in 17 of these
infani viciims with cerebral palsy, the
moihcr had no sympioms to warn her
of danger, and only a few had numb-
ness of their fingers or fatigue (99).
The lack of maternal symptoms attests
to the ease with which methylmercury
crosses the human placenta. The se-
quelae in these infants has been brain
damage, manifested as menial retar-
dation, spasticity.'chronic seizures, and
blindness. A follow-up study of sur-
viving infants in one area from
1955-1959 showed that 6% of the
ch i ld ren developed cerebral palsy
(Hi

Minimata disease has been repro-

duced in animals (100): the resulting
brain damage involves diffuse neuronal
degeneration in all regions of the brain,
although the cerebellum and calcarine
cortex appear most sensitive to meth-
ylmercury (101). Segmcntal atrophy
of the axons, th inning of the myelin
sheaths, and abnormal synaptic com-
plexes also are seen. Methylmercury is
able to produce such toxicity because
of several factors: It has an affinity for
the CNS (47); the dose is cumulative
over time (102); and there is the phe-
nomenon of fetal mercury "trapping"
(101)—mercury crosses the placenta
by facilitated transfer, at which point
it is "trapped" by the fetus. The mer-
cury is bound tightly to receptors
forming a concentration gradient. The"
concentration of mercury in the fetal
brain is four times that of the maiernal
brain, and the level in the fetal blood is
28% higher than in the maternal blood
(101), indicating preferential accu-
mulation in the fetus. The ease in
crossing the placenta is greatest for
alkyl compounds, aryl, and then inor-
ganic compounds with lower transfer
rates (47). With alkyl mercury,
chronic exposures are more effective in
causing deformities than single doses,
since accumulation of the metal results
in larger effective doses (102).

The chemical mechanism of alkyl
mercury toxicity is unknown, but it
may rest with its affinity for ligands,
e»g., sulfhydryl groups. In this way it

affect, a cell's permeability by—
ion on the enzymes on the celfsur-
. Mercury is known to interrupt;,.

the normal function of mitochondria,,
and lysosomes (103).

An effect of mercury and methyl-
mercury in decreasing male fertility is
well known (37). Whelher a muta-
genic effect on human gametes also
can occur is not established. The fre-
quency of chromosomal breaks in
lymphocytes of 18 men and women in
Sweden who chronically ate fish con-
taminated w ith methylmercury (104),
was proportional to the mercury con-
centration in their crythrocytes. Con-
current studies of effects on human
spcrmatocytcs by such exposure and
the outcome of the pregnancy have not-
been conducied.

Lead. Lead, like mcthylmercury, is
embryotoxic and tcratogcnic in hu-
mans. Its milder effects may be due to
a lower transplacental iransfer or to
differenlial poiency. In pregnani
women, its main effect is to increase
the rale of sponianeous abortions. Us
effeci on ihe feius may cause low' binh
weighl or brain damage with convul-
sions and other CNS disorders (105).
If poisoning takes place in ihe third
trimester, fetal toxicity is below 25%
and living infants are underweight,
anemic, and develop slowly (106).
Decreased reproductive ability in men
occupational!)' exposed to lead has
been documented via loxicity to sperm
(5,107) (decreased counts), which has
als6' been confirmed by animal
studies.

The association of high occupational
lead exposure with sterility, abortions,
and high fetal neonatal loss is well
documented. Angle and Mclntire
(105), summarizing data from the
turn of the century, cited a 60% still-
born and abortion rate among female
lead factory workers and a 70% new-
born mortality by the age of three.
Industrial exposure data from Japan
also cites a doubling of the spontaneous
abortion rate, with blood lead levels of
0.11-^317mg%(/06, 108).

At thti turn of the century, the abil-
ity of lewd to induce abortions was well
recognized and was used illegally to
terminate unwanted pregnancies. Hall
(109) described 30 cases of maternal
ingestion ofrjft lead-containing com-
pound (Diachylon) to|nduce abortions
in England. The abortion rate was

"high, but so was maternal toxicity, in-
cluding brain damage and blindness.
In the same era in Denmark (105),
lead oxide poisoning was reported in 25
cases of self-inflicted abortions. In this
series, the abortion rate was 60% in the
first trimester, with four abortions
beyond 20 weeks. Three live births
resulted from unsuccessful abortion
attempts and one of these children died
at the age of two months, possibly from
toxic effects.

More recently, lead contamination
of acidic drinking water from lead
pipes has been implicated in Scotland
(110), where there was a late fetal
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death (lead was found in the fetal
kidneys and the maternal urinary lead
concentration was 86 mg/24°), one
mother with frequent miscarriages and
bleeding disorders of pregnancy, and
two infants with anomalies (congenital
nystagmus and hemangiomata).
Transplacental lead intoxication has
also been reported from maternal in-
halation of fumes from the burning of
battery cases and consumption of
moonshine whiskeys ( 1 1 1 ) . In fact,
Palmisano ( 7 7 7 ) reported that 53%of
these whiskeys contain lead concen-
trations over 1 mg/L and may be a
common cause of lead intoxication in
the southeastern U.S.

Lead crosses the placenta only if
given in high concentrations; it tends
to concentrate in the fetal bone and
liver (105). Lead accumulates in the
placenta and may induce abortions.
Catz and Jaffee (106) reported a ten-
dency for abortion associated with
placenta! hemorrhage.

The chemical mechanism of lead
teratogenesis and embryotoxicity is
assumed to be related to its effects on
the metalloenzymes involved in em-
bryonic differentiation. Cole (112)
suggested an inhibitory effect similar
to that which it exerts on the enzymes
of the heme synthetic pathway, e.g.,
delta amino levulinic acid. Lead in-
teracts with other metals in teratoge-
nesis in animal studies. The frequency
and severity of lead-induced malfor-
mations in hamsters is potentiated by
the presence'of cadmium, which, when
acting in concert, introduces new
malformations (sympodia) (113).

Arsenic. Arsenic (NajAsO^ is the
only teratogenic member of the Group
V elements. In rats. ewes, and ham-
sters, it causes cleft palate, excnce-

phaly. anophthalmia, microphthalmia,
and renal agenesis (J14). In humans,
however, organic arsenicals do not
cross the placenta, but rather accu-
mulate there. These compounds were
used in the past in the treatment of
syphilis without report of fetotoxicity
(115). In the anionic form, however,
arsenic does cross the mammalian
placenta to some extent. One case
(116) reports a human fetal death re-
sult ing from a mother's suicide at-
tempt. She ingested a toxic dose of rat
poison (As2O3) and subsequently de-
livered a live (30 week) infant. The
infant soon died of severe intraalveolar
pulmonary hemorrhages and had high
arsenic levels in its liver, kidneys, and
brain. No birth defects were noted.
Arsenic therefore has the potential to
be fetotoxic in humans.

The effect of arsenic can be reduced
by administering selenium (117).
Presumably, selenium acts by com-
petitive inhibition at the sites where
arsenic exerts its activity.

Copper. Copper (CuClj) is known
to be lethal to mice embryos in the
blastocyst and late preimplantation
stage (13). Considering the effective
use of metallic copper in intrauterine
contraceptive devices in preventing
pregnancy in humans, it is interesting
to speculate whether embryolethal
effects of copper may hold true in hu-
mans also. Prevention of implantation
by cndometrial inflammation from the
device has also been proposed.

Selenium. Selenium (Na2SeO3) is
embryotoxic and teratogenic in hens,
sheep, and calves; among other defects,
shortened limbs are produced (118,
47). One case describes reputed effects
of selenium in humans whereby five
pregnancies in women employed in

h a n d l i n g s e l e n i u m gave rise 10 four
abort ions and 10 one l i ve b i r t h of a
chi ld w i t h clubbed feel ( 1 1 9 ) .

A contention tha t the h igh content
of selenium in I re land 's soil is causally
related to the high incidence of neural
tube bir th defects in t h a t country is
also unproven.

In hamsters, selenium blocks the
teratogenic effects of cadmium and
arsenic (120). It has been suggested
that this may be due to itschelation to
cadmium that is bound to the sulfur on
sulfhydryl groups.

Tellurium. There is no evidence
that tellurium (Na2TeO]) is embryo-
toxic or teratogenic in humans. In fact,
at one time it also was used to treat
syphilis. Overdoses of tellurium in men
were detected by the classical sign of
a garlic odor on the breath, due to di-
methyltelluride, a metabolic product
(121). No effect on human pregnan-
cies was ever recorded, probably due to
low transplacenlal transfer. Tellurium
does cross the placenta and the
blood-brain barrier in other mammals,
however; this is of interest because '•'
causes a very specific defect: nono,^,
structive hydrocephalus (722). Ele-
mental tellurium is crystallized as a
black precipitate in the brains of rats,
and toxic changes are seen in the
ependymal cells of the lateral ventri-
cles, which perhaps breaks down the
blood-brain barrier. Neurologic
damage has similarly been seen in
rabbits (ataxia). Since te l lu r ium
belongs to the same group as sulfur
and selenium, its effect may be med-
iated by interaction with sulfur-me-
tabolizing mechanisms (123).

Cadmium. Although cadmium
poisoning is known to occur in humans,
(the Japanese named it "hai, Itai,"
meaning "agony"), embryotoxic or
teratogenic effects in humans have
never been documented. We do kn
however, that cadmium crosses i.._
human placenta and is retained in the
fetus, mainly in the liver and kidneys,
where it accumulates (724). Cadmium
is embryotoxic in mice (725), and
teratogenic in the rats (726, 727), in
which it causes growth retardation,
hypoplastic lungs, clubbed feet, and
cleft palate. In hamsters (72$), it
causes craniofacial, brain, eye, and
limb defects.

The mechanism of cadmium tera-
togenicity is believed to involve com-
petition with zinc for divalent cationic
sites in metalloenzymes (729, 130). It
has been observed that Zn2+ anta-
gonized the action of Cd2+ (7J7).and
a high Cd2+/Zn2+ ratio is needed for
toxicity (724). Barr (727) has made
the observation that the limb-reduction
anomalies associated with cadmium
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"Previously, indus t ry sought to protect the unborn fetus
by removing it and the mother from the toxic source.

But for effects produced through the male partner,
it is clear that this policy is inadequate;

reduction of occupational exposures for both sexes is the key.'

exposure bore a resemblance to those
seen with acetazolamide exposure.
Since acetazolamide inhibits carbonic
anhydrasc. a zinc-containing metal-
locnzymc, Barr proposed that cadmi-
um may exert its teratogcnic effect in
animals by competing with zinc and
affecting the activity of carbonic an-
hydrase in the developing fetus. Zinc
(127) and selenium (120), therefore,
are antagonists of cadmium; lead and
mercury (132) potentiate the action of
cadmium (in hamsters).

In a study of pregnant rats. Parizek
(133) noted that as they approached
term they became increasingly sensi-
tive to the toxic effects of cadmium.
He described the effects observed as
resembling "toxemia," or hypertensive
disease of pregnancy in the human.
Pathological changes in the animals
included renal cortical necrosis, venous
congestions, adrenal hemorrhage, and
convulsions. An association of hyper-
tension with high renal cadmium levels
may follow from the nephrotoxicity of
cadmium (124). Parizek observed that
cadmium chloride or acetate causes
destruction of the fetal part of the
placenta in rats (0.04 mmol/kg • d
subcutaneous), with necrosis of the
placenta and decidua, and intrauterine
or external hemorrhage (/34,135). In
humans, heavy cigarette smoking is
associated with an increased incidence
of bleeding due to placenta! separation
(abruption), with underlying placental
and decidual necrosis (/36). Whether
this results from the cadmium present
in cigarette smoke (124) or from the
vasospastic action of nicotine (136) or
some other factor is yet undeter-
mined.

Zinc and chelaies. Zinc deficiency
in rats is associated with gross mal-
formations (137). Therefore, any sit-
uation simulat ing zinc deficiency,
whether by antagonism of other diva-
lent cations as described above or by
binding by dictating agents, is ex-
pected to produce teratogenic effects.
Strong chelators such as ethylene di-
aminc tetraacelic acid (EDTA), as
expected, produce such defects in rats
as cleft palate, malformed digits,
clubbed feel, and brain defects, as well
as increased abortions (137, 138).

Weak chelators such as trisodium ni-
trilotriacetate (56) and trisodium ci-
trate (59) arc without tcralogenic ef-
fects. On the other hand, one might
expect chelates to be useful tools to
counter the effects of teratogenic di-
valent cations (e.g.. He, Pb, Cd). Al-
though in animals this has been con-
firmed with nitrilotriacetatc (58) and
trisodium citrate (59) (which are
weakly efficacious in preventing fetal
accumulation of cadmium and mer-
cury, respectively), chelating com-
pounds have not been found to be ef-
ficacious in humans to protect the
fetus. Such experience is limited,
however.

Other concerns
A relatively new concern that was

unrecognized until recently is the ad-
verse effects on human reproduction
secondary to male exposure in the
workplace. Previously, industry sought
to protect the unborn fetus by remov-
ing it and the mother from the toxic
source. But for effects produced
through the male partner, it is clear
that this policy is inadequate; reduc-
tion of occupational exposures for both
sexes is the key.

Male sterility, fetal loss, and birth
defects in their offspring was first
recognized in the 1970s with exposure
to Keponc and DBCP (1,2 dibromo-
3-chloropropane) (139). Kepone, a
chlorinated insecticide used to control
fire ants, was implicated in 1975 when
exposed workers suffered CNS
changes, liver damage, and testicular
damage (3). Sperm counts decreased
and infertility resulted. Although
production of Kepone was subse-
quently halted by the EPA. sources of
exposure still exist in the environment
(such as the contaminated James
River (140)) and it is still produced by
breakdown of other pesticides, such as
Mirex. Similarly. DBCP. a soil fumi-
gant used to control nematodes, de-
creases sperm counts in exposed
workers and results in inferti l i ty (5).
Production of DBCP was discontinued
in 1977.

To date, compounds that decrease
male fertility by toxic action on the
testcs and sperm include lead (707),

DBCP (5), Kepone ( 3 ) , and chloro-
prene (5). In addition, chloroprene
exerts mutagenic effects on male
gametes, manifested by a threefold
increase in spontaneous abortions in
the uncxposed female. Possible muta-
genic effects of vinyl chloride (5) are
an increase in late fetal deaths, mis-
carriages, and stillborns. In addition to
its effect on male sterility, DBCP may
also induce birth defects; one case of
penile abnormalities in an offspring
has been noted.

The effect of male exposure to hy-
drocarbons remains controversial. A
report of an increased cancer mortality
rate in the children of exposed males
has not been verified by further studies
( /39) . Also, the contention that male
exposure to the herbicide Oryzalin
(141) results in an increased abortion
rate and congenital cardiac defects has
not been substantiated to date.

Another recently recognized prob-
lem in toxicology is poisoning of the
newborn via chemicals present in
breast milk. It is an avenue for neona-
tal toxicity for those compounds that
cannot cross the placenta and for
continued exposure and toxicity ex-
tending into the postpartum period and
later stages of development. Pollutants
in breast milk are generally charac-
terized by high lipid solubility, resis-
tance to degradation, and slow excre-
tion rates. Long-term low-level expo-
sure results in accumulation; lactation
is the only way in which large amounts
of the chemicals can be excreted.

Only three known compounds ex-
erting such toxicity have been docu-
mented and these have already been
discussed: hexachlorobenzenc. PCB,
and tetrachloroethylene. In addition to
these. Rogan et al. (71) have recently
confirmed and quantitated the levels
of DDT (50-2000 ppb) and its pri-
mary metabolite DDE (2130 ppb) in
whole milk, as well as the less-common
pesticides dicldrin, heptachlor and its
epoxide, chlordane, and oxychlordane.
Concentrations of these chemicals in
whole milk were 91-164 ppb. Human
toxicity of these compounds is low,
especially al these levels, but the pos-
sibility of increased susceptibility of
newborns has not been studied. No
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o! these chemica l s has
been reported.

The job ahead
Teratology had its bi r th as a science

w i t h the thal idomide disaster. I t then
became more than just an academic
curiosity. It is unfortunate that much
of what we know of chemical teratol-
ogy in humans stems from disasters,
rather than from testing. The toxi-
cologic testing of chemicals is a reality,
in spite of its critics who quote Kar-
nofsky's law (142): Any compound
can be teratogenic if given to the right
species, at the right dose, at the right
lime. To be certain, the task is monu-
mental, but the moral responsibility
cannot be shaken.

Currently, tcratologic screening as
recommended by PDA consists of
three segments (142), each to be ap-
plied to two or more species and at
several concentrations:

1. Fertility and general reproduc-
tive performance is studied for both
sexes over three generations from
premating on.

2. Embryotoxicity and teratogeni-
city is studied in pregnant females
(Somer's Test) during the period of
organogenesis.

3. Peri- and postnatal studies in
females are carried out to assess late
injuries through the period of lacta-
tion.
This present mode of screening is ex-
pensive, time-consuming, and, ac-
cording to some, low in predictive
value. The future in teratologic
screening will be in more rapid, inex-
pensive mass screening of chemicals.
These methods, some still experimen-
tal, include:

1. in-vitro embryo cultures
(143)—in rats to the early limb bud
stage (48 hours)

2. post-abortive investigations on
human embryos (8)—correlating
malformations in the abortus with
events during the pregnancy or in the
maternal history

3. developmental enzyme patterns
(144)—to assess late (i.e., other than
first trimester) toxicity giving rise to
functional deficits

4. epidemiologic (population)
studies (145)

5. behavioral teratology—to study
neurotoxicity from late exposures.

As chemists, we would think that
structure-function relationships would
hold great promise to predict terato-
logic potential. Unfortunately, no
great insights have followed from such
studies on two promising classes of
leratogens: trypan blue and the diazo
group of leratogens (trypan blue, ni-

a n o azovan b l u e ) I / - / 6 ) . a n d t h e
phtha l i rmdc fami ly of compounds.
A l t h o u g h l ha l i domide is a potent ter -
atogen. none of the other A'-substi-
tuted ph tha l imides (Figure 2). all
con ta in ing the o-dicarboximido
structure (captan, folpct. difolatan,
etc.), have shown such a tendency
(147). The active site or responsible
functional group is still unknown. Only
in terms of predicting a compound's
alkylating abil i ty have theoretical
studies borne fruit; but, as already
mentioned, this is more true in pre-
dicting a compound's mutagenic
rather than teratogenic capability.

Through toxicologic testing of
chemicals, our goal is to prevent future
mishaps. But an important lesson must
be learned from incidents like the ban
on spray adhesives in 1973 (148). The
ban, following one study implicating
industrial exposure of women with
increased chromosomal breaks and
birth defects, prompted nine women to
have abortions, only to see the ban
lifted six months later when the asso-
ciations could not be confirmed by
further experiments. Testing and re-
porting must be accurate and respon-

FIGURE 2
The phthallmlde family

PhthaHmM*

Captan

DHolatan

h \ s t e n a a n d h u m a n a n g u i s h t h a t w e
sought to p reven t .
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PESTICIDES IN PEOPLE

Organochlorine Pesticide Residues and Polychlorinated
Biphenyls in Human Milk, Colorado—1971-72 '

E. P. Savage. J. D. Tessari. J. W. Malberg, H. W. Wheeler, and J. R. Bagby

ABSTRACT

Organochlorine pesticide residues and PCB's were deter-
mined in 40 human milk samples collected from women in
rural Colorado during 1971-72. The highest le\els found
were of p,p'-DDE which ranged from 19 to 386 ppb: p.p'-
DOT ranged from 7 to 109 ppb. ft-BHC. o. p'-DDT. diel-
drin, heptachlor epoiide. and p.p'-DDD ranged from a
trace to 38, 13, II, 5. and 5 ppb, respectively, PCB's ranurd
from 40 to 100 ppb. P.p'-DDE and p.p'-DDT were found
in all milk samples. fi-RHC in ft7.59c. and PCB's in 207c.

Introduction
Laug et al. (5) reported DOT in 30 of 32 human milk
samples collected in the Washington, D.C.. area in 1951.
Since that time, a number of investigators in the United
States and other areas of the world have reported or-
ganochlorine compounds in individual and pooled
human milk samples. Recent interest in the polychlori-
nated biphenyls (PCB's) has also resulted in several in-
vestigators reporting on PCB's in human adipose tissues,
plasma, and human milk. Dyment et al. (2) were unable
to find PCB's in human milk collected from participants
living in Texas and New Guinea. Finklea et al. (3), in a
study of 723 plasma samples collected from volunteers
living in Charleston County, S. C.. found p.p'-DDT
and DDE almost universal, DDD in 84CJ-. dieldrin in
63%, and PCB's in 43% of the study participants.
Newton and Greene (7) analyzed 67 rural and urban
human milk samples collected in Australia for Organo-
chlorine pesticides. All samples contained DDT and
DDE. 12 contained .DDD. and 29 contained dieldrin:
they did not report on PCB's.

'From the Inililult of Run) Environmental Health. DC pin me nt of
Microbiology, Collect of Veterinary Medicine and Biomedicil Science!.
Colorado Slate Umvcruty. Fon Collint. Colo. 10521.

The current study reports levels of the Organochlorine
pesticides /3-BHC. p.p'-DDE. o.p'-DDT. p.p'-DDT,
p.p'-DDD. dieldrin. heptachlor epoxide. and the indus-
trial pollutant PCB's in 40 human milk samples collected
from women in rural Colorado during 1971-72.

Sampling and Analyses
Participants were asked to manually express milk
samples into glass tubes equipped with plastic screw
caps and teflon liners. The filled tubes were kept frozen
until time of extraction.

Analytical standards for the chlorinated pesticides were
obtained from the pesticide repository of the U.S. En-
vironmental Protection Agency Laboratory, Perrine,
Fla. The Aroclor analytical standards were obtained
from the Monsanto Chemical Co., St. Louis. Mo.
Solvents were redistilled in glass prior to use. The evalua-
tion, storage, activation, and use of the Florisil followed
the recommended procedures described in the "Manual
of Analytical Methods" (fl).

The extraction procedure used was a modification of
those described by Guiffrida et al. (4) and Curley and
Kimbrough ( / ) . The procedure consisted of 3 parts: (1)
isolating the fat from the milk. (2) extracting the Aro-
clors and pesticides from the fat. and (3) cleaning up the
extract.

Whole milk (4.5 g to 24.3 gl was weighed into clean
glass centrifuge bottles. Glass wool was added to adhere
to the coarse precipitate of the milk solids. After addi-
tion of 100 ml of acetone, the sample was shaken manu-
ally for I minute and ccntrifuged for 2 minutes. The
acetone layer was then transferred to a I-liter separatory
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funnel. The extraction procedure was repented three
more times with equal volumes of 25 ml of acetone each
time. All four acetone extractions were combined in the
I-liter separatory funnel.

Twenty-five milliliters of n-hcxanc «as then added to
the coarse precipitate of milk solids, shnken. ccntrifuccd.
decanted, and combined with the acetone extracts in the
I-liter separatory funnel. This procedure was repeated,
and then a volume of 125 ml of 2cr sodium sulfate
solution and 50 ml n-hc\ane was added to the acetone
and hexane extracts. The separatory funnel was shaken
manually for I minute and the lo«er aqueous layer was
discarded. The 2rr sodium sulf.ite «ashing was again
repeated, the lower aqueous layer discarded, and the
n-he.xanc layer poured into a 500-ml concentrator flask.
The sample extract was taken through the Florisil pro-
cedure as described in the "Manual of Analytical
Methods" (f<).

Primary identification and quantification of the pesti-
cides was accomplished on a MicroTck 220 Gas C'hro-
matograph equipped with a NiIL" electron capture de-
tector and Coulson conductivity detector. Two columns
having different resolution characteristics were utilized
on all samples. Instrument parameters were as follows:

Columns. (A) Borosilicate glass. 6' > V*". packed with 1.5^
OV-17 and 1.95Ct QF-I on Gas Chrom Q 10O-
120 mesh Applied Science

(B) Borosilicale ilass. 6'» V4". packed with 4Cf
SHOO and ff OV-ZIO on Uas Chrom Q 1 DO-
120 mi«h Applied Science

<Cl Borosilicaie flits. 6' i Vi". packed with )^
OV-1—column obtained from Tracor

Detectors: (A) Electron capture, having 14.5 me Ni43 lonnmc
source

rB) Coulson conductivity operated in the chloride
mode

Temperatures: (A) Ekctron capture
Injector 245* C
Column 200' C
Detector 300' C

(B) Coulson conductivity
Injector 245' C
Column 200* C
Furnace (20* C
Block 2JO« C

Carrier fas: High purified nitrogen
Flow rales: 60 cc/min for Column A

100 cc/min for Column B
Approx. 60 cc/min for Column C

Primary quantification of ihe Aroclors was accomplished
by thin layer chromatography (TLC). TLC provides a
sound approach for the semi-quantitation of (he staled
PCB's because the various compounds of the series have
similar Rf values and therefore produce a single spot.
Six percent ethyl ether/n-hexanc eluate. in concentrate
form, is treated with KOH to effect dehydrochlorinalion
of DOT and ODD to their olefins. thus eliminating the
problem of separating these pesticides from the PCBs'.

Oxidative treatment is then applied to convert any in-
terfering DDE to /j./j'-dichlorobenzopherione which has
an Rf value different from the PCB's. The PCB's are
then determined by thin layer chromatography. The
procedure used is a modification of the one described
in the "Manual of Analytical Methods" (5) which is
based on the method used by Mullhern ei a!. (6).

G;is chromatographic sensitivity limits for p.p'-DDT
and Aroclor 1254® were 20 and 500 picograms. respec-
tively. TLC sensitivity limits for the Aroclors were based
upon visual comparison of sample spot intensity to the
intensities of Aroclor standards at 25. 50. 100. and 400
ng ju.1. Recovery rates were established by spiking
separate milk samples with known amounts of standards
as follows: Arocolor 1254® at 0.5 ppm and Aroclor
1260® at 1.25 ppm: /3-BHC. />./>'-DDE. o.p'-DDT.
r-r'-DDD. and dieldrin at I ppb: p.p'-DDT. a-BHC. al-
drin. lindane. heptachlor. and heptachlor epoxide at 4
ppb. These samples were then analyzed utilizing the
described procedures. Recoveries from the spiked pesti-
cide samples were bnsed on unspiked control samples.
The pesticide recoveries ranged from S5.2 to USTr.
Recoveries for the Aroclor samples based on five major
peaks ranged from 75 to S.K;. For further verification,
the PCB samples were spotted on thin layer plates and
compared with gas chromatographic data. The TLC
recoveries ranged from 75 to 90^. Residues were not
corrected for percent recovery.

All samples were placed on two different columns for
electron capture detection and then concentrated to 1.0
ml or below for analyses on the Coulson detector.

Results
The percent of human milk samples with residues of
organochlorinc pesticides and PCB's are presented in
Table I. P.p'-DDE and p.p'-DDT were found in all 40
milk samples. /3-BHC was found in 87.5% and PCB's
in 20# of the samples.

PABLK 1.—Percent of total milk samples with
ornanntlilorine pesticide residues and PCB's,

based on 40 samples, Colorado—1971-72

COMPOUND

r.p-DDE
p.i>'-nm
fl-BHC

o.p'-DDT

/".p'-DDD

Dieldrin

Hcnuchlor epnxidc

PCB-.

PEXCINT Posrrivt
S»MPtfS

100.00

100.00

I7J

72,5

J5.0

45.0

25jO

20.0
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The levels of selected organochlorine pesticides and
PCB's in each of the 40 mi lk samples arc listed in Table
2. The highest levels found were of p.p'-DDE which
ranged from 19 10 J86 pph and p.p'-DDT. from 7 to
109 ppb. /3-BHC. o.p'-DDT. dieldrin. heptachlor ep-
oxide. and p.p'-DDD ranged from a trace to 38, 13. 11,
5. and 5 pph. respectively. PCB's ranged from 40 to 100
ppb.

Values for total organochlorine pesticides and PCB's in
each sample are given in Table 3 with selected epi-
demioiogical data for each donor: age. occupation, birth-
place, number of years lived in Colorado, and whether
the participant had ever lived in a city of 50.000 popula-
tion or greater. The total organochlorine levels ranged
from a high of 521 to a low of 27 ppb. The age of par-
ticipants ranged from 19 to 33 years.

samples and in 45% of the samples in our study. Dyment
et al. (2) did not find PCB's in human milk collected
from residents of New Guinea and Texas, but Finklea et
al. (3) in a study of plasma collected from volunteers liv-
ing in Charleston County, S. C.. found PCB's in 43% of
the study participants. In the current study, we found
PCB's in 20% of the samples.

Results of this study and other studies indicate that
organochlorines are widespread in human milk. Al-
though p.p'-DDE and p.p'-DDT are found almost uni-
versaJly, p.p'-DDD. dieldrin. heptachlor epoxide. and
PCB's are not as widelv distributed.

See Appendix (or chemical names of compounds discussed in this
paper.

Discussion
All samples contained p.p'-DDE and p.p'-DDT :
/3-BHC was found in S7.5Cf. o.p'-DDT in 72.5<"r.
dieldrin in 45Cr. and PCB's in 20^ of the samples.
Milk from one study participant (No. 20) contained
quantifiable levels of all compounds except heptachlor
epoxide. Heptachlor epoxide and PCB's were never
found in the same sample in the study, and p.p'-DDD
and PCB's were found in the same sample on only one
occasion. The total organochlorines per sample ranged
from 27 to 521 ppb. The sample with the lowest level of
organochlorines contained p.p'-DDE and p.p'-DDT. The
sample with the highest level contained /3-BHC. p.p'-
DDE. p.p'-DDT. dieldrin. and a trace of o.p'-DDT.
p.p -ODD. and heptachlor epoxide. The highest level of
total organochlorines occurred in the sample from a
24-year-old housewife who had spent all but I year of
her life in Colorado. Only nine women had not lived in
a city of 50.000 population or greater. Two of these nine
were positive for PCB's. The fact that p.p'-DDE and
p.p'-DDT were found in all samples was not surprising
as Laug et til. (J) found DDT in 30 of 32 milk samples
collected in the Washington. D. C.. area in 1951.

Newton and Greene (7) found DDT and DDE in all of
67 human milk samples collected in Australia. Dieldrin
was recovered in approximately 4.10; of the Australian
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Disposition of Polychlorinated Biphenyl Congeners in Occupationally Exposed Persons.
WOLFF, M. S., THORNTON, J., FISCHBEIN, A., LILIS, R., AND SELIKOFF, I. J. (1982). Toxicol.
Appl. Pharmacol. 62, 294-306. Relative concentrations of 37 polychlorinited biphenyl (PCB)
congeners and the adipose-plasma partition of 28 PCB congeners were investigated in 26
persons Occupationally exposed to various PCBs (20 to 54% chlorine). Concentrations of PCBs
in adipose and plasma were related to duration and intensity of exposure in the workplace.
PCB concentration in adipose tissue was proportional to that in plasma, with a partition for
total PCBs of approximately 190:1 indicated from regression analysis. PCB congeners with
chlorines in both 4-positions of the biphenyl ring were the major components in plasma and
adipose tissue. Congeners with unsubstituled 3,4-positions (e.g., 2,5-chlorine substitution) on
at least one of the biphenyl rings were observed at lower concentrations and had lower adipose-
plasma partition than other congeners. In contrast, those compounds with substituents at the
2,4- and/or 3,4-positions on both rings were present in much higher proportions in blood or
adipose than in the PCB mixtures in use. These components also had higher adipose-plasma
partition than those with unsubstituted 3.4- positions, regardless of the degree of chlorination.
PCBs with 2,4-substitution patterns on both rings, including 2.4,4-tri- and 2.4,5.4-tetra-CBs.
bad somewhat higher adipose-plasma partition than congeners with 3,4-substitution on at
least one of the biphenyl rings (e.g., 2,4,3',4-tetra-CB).

The complexity of PCB2 mixtures intro-
duced into the environment results in the
presence of many individual PCB congeners
in human tissues. Usually, these are reported

s the sum of several gas chromatographJc
,/eaks relative to a commercial PCB mixture.
Individual PCB components have been iden-
tified in blood or adipose tissue in a few stud-
ies. Jensen and Sundstrom (1974) deter-
mined 40 PCB congeners in human adipose
tissue. PCBs with no chlorines at the 3,4-
position of one ring (e.g., 2,5-dichloro-),

1 Presented in part, at the Second International Con-
gress on Toxicology, Brussels. July 1980.

' Abbreviations used: PCB, polychloriaated bipbenyl;
P./-DDE, 2,2-bis(4-chlorophenyl)-1,1 -dicbloroethyl-
ene; CB, chlorobiphenyL

which were major constituents of commer-
cial PCB mixtures, constituted about 20%
of PCBs in human adipose tissue. Two com-
pounds, 2,4,5,2',4',5'- and 2,3,4,2',4',5'-hex-
achlorobiphenyl, accounted for 36% of the
PCBs in tissue. Similar findings for blood
and adipose tissue were reported by Kuroki
and Masuda (1977).

Identification of specific PCB structures
in human tissues may be important not only
for assessment of long-term persistence but
also for evaluation of potential health ef-
fects. This has been suggested by toxicolog-
ical studies of individual PCB isomers, which
have demonstrated the specificity of toxicity
and inducibility of mixed-function oxidase
enzymes (i.e., cytochrome 7M48 or P-450)
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with respect to chlorine substitution pat-
terns. The simplest PCB inducer of cyto-
chromc P-448, 3,4,3',4'-tetrachlorobiphenyl,
has a stereoelectronic molecular configura-
tion consistent with requirements for binding
to the postulated receptor, including an en-
ergy barrier favorable to achievement of co-
planarity of the biphenyl rings (McKinney
and Singh, 1981; Poland et al., 1979). Ad-
dition of chlorines at both ortho- positions,
as in 2,4,5,2',4',5'-hexachlorobiphenyl, re-
sults in preferential induction of cytochrome
/M50. Recent studies have demonstrated
the inducibility of both P-448 and P-450 by
PCB congeners with 3,4-substitution on
one ring, e.g., 2,4,5,3',4'-pentachlorobiphenyl
(Parkinson et al., 1980a,b; Yoshihara et al.,
1979). Many PCB congeners with such sub-
stitution are present in commercial PCBs
and in human tissues (Sissons and Welti,
1971; Jensen and Sundstrom, 1974).

As part of a larger study of PCB expo-
sure among capacitor manufacture workers
(Fischbein et al., 1979), the disposition of
individual PCB congeners in adipose tissue
and plasma was investigated in 26 cases.

METHODS

Plasma and adipose samples were obtained from
workers in a capacitor manufacturing facility using
PCBs, who participated in a clinical health survey in
1976. Clinical aspects of this study have been reported
(Fischbein el al., 1979), and a detailed report of the
relation of PCB exposure to PCB concentrations in
adipose and plasma (determined using packed column
gas chromatography) will be reported elsewhere. From
this study, 26 paired adipose and plasma samples were
analyzed by high-resolution gas chmatography (HRGC)
with electron-capture detection, each pair being run suc-
cessively on the same day. Sample cleanup was identical
with that previously reported for polybrominated bi-
phenyls (WolfT et al., 1979a). A 2 ml plasma sample
(Florisil cleanup) was analyzed from a final volume of
0.05 to O.I ml Adipose samples (gel-permeation chro-
matography cleanup: lipid equivalent 30 to 60 mg)
were analyzed from a final volume of 0.1 to 0.5 ml
Recoveries of Aroclor 1254 from adipose were (mean
± SD) 97 ± 7% (n - 8); from hexane 95 ± 5% (n - 8;
Florisil cleanup); from plasma (fortified with Aroclor
1254 in DMSO) 93 ± 7% (n - 18). Recovery of indi-

vidual PCB congeners (Table 1. peaks. 1, 4, 8. 11. 17.
22, 25. 29. 32. 37 and 3.4,3'.4'-tetraCB) from adipose
was 93 » 7%. From plasma, recovery was 92 £ 71* for
9 of these compounds; 85% for peak 29; and 15% for
3,4,3',4'-tetra-CB. the latter two due to retention on
Florisil. Retention of Aroclor 1254 peaks was less than
10%. The lower recovery of 3,4 (than of 2,4-)-substi-
tuted congeners from plasma (but not adipose) would
cause the adipose-plasma partition of 3.4-subsiituted
congeners to be lower than those reported in Table I.
thus not affecting the conclusion that 3.4-substituted
congeners have lower partitions than 2.4-substituled
congeners.

Standards(Aroclors and 2.2-bis(p-chlorophenylH,l-
dichloroethylene [p.p'-DDE]) were obtained from the
EPA reference library. Research Triangle Park. North
Carolina. Individual PCB congeners were obtained from
RFR, Inc., or Analabs. Each of these standards had the
correct retention time (see below) and only one major
peak (more than 99%).

PCB concentration of individual peaks was calculated
using 2,4,4'-trichlorobiphenyl, 2,4,5,2'.5'-pentachlo
phenyl (which had a response factor similar to mosfflf
the tetrachloro isomers), and 2,4,5,2'.4',5'-hexachloro-
biphenyl Tor the In-, tetra- and penla. and hexa- and
hepla- isomers, respectively. Other isomers were not
available at the time the analyses began. The use of the
latter two standards was based on analyses of standards
later available, which showed (peak No. from Table I.
response factor): I. 1.9. 3, 2.3; 7, 1.56; 8, 1.58; II, 1.73;
18. 1.61; 17, 1.25; 25. 0.73; 29, 1; 32, 0.77.

Response factors a«e relative to DDE - 1.0. The re-
sponse factor for DDE (pg/(«<l X area), uncorrected for
split ratio and volume injected), varied from 0.32 to 0.44
during the course of the analyses. Response factors for
the standards (relative to DDE; 12 runs) were (mean
± SD): 2.01 ± 0.06 (peak 1); 1.59 ± 0.08 (peak I I ) ;
0.98 ± 0.11 (peak 22). Although the quantitative data
from these analyses can only indicate relative concen-
trations, the use of the data for adipose-plasma parti-
tions is not dependent on absolute concentrations, since
adipose and plasma samples were run lide-by-iid
the same day, and thus response factors were the -
for both.

HRGC was performed on a modified Perkin-Elmer
3920 instrument, with a split ratio of 60. with a 70-ra
WCOT OVI7 glass capillary column (0.21-mm i.d..
210,000 theoretical plates) operated isothermally. The
column temperature was adjusted so that pjt-DDE
eluled at ca. 30 min.

GC-mass spectroscopy (GC-MS) was accomplished
on a Finnigan 4000 instrument interfaced with a 50-m
OV101 or 25-m OVI7 glass capillary column. Masses
200 to 360 were scanned in the electron impact mode
at 0.5 to 0.7-sec intervals.

Identification of PCB congeners (peaks 2-5. 7. 9-12,
14-37, Table 1) was by Dr. Goran Sundstrom, Wallen-



TABLE I

ANALYSIS OF PCB CONGENERS IN ADIPOSE TISSUE AND PLASMA AMONG CAPACITOR
MANUFACTURE WORKERS

Concentration in

Peak
No.

IA
1
2
3
4
5
5A
6
7
8
9

10
11
12
13
14
15
16

17
18
19
20
21
22
23
24
25A
25
26
27
28
29
30
31
32
33
34
35
36
37

Structure
assignment

4,4'-
2.4.4'- (2,5,4'-)
2,5.r.5'-
2,4,2',5'-
2.4.2',4'-
2,3,r,5'-
(2,3.4.2'-; 3.5.3',5'-)
2.4,5,4'-
2,5.3',4'-
2,4,3'.4'-
2,3,6.2',S'-
2.3.5.2',5'-
2,4,5.2',5'-
2,4,5,2',4'-
(2,3,4,4'-; 3.4,3',5'-)
2,3,6.2',3'-
2.3.5.2',3'-
2,4,5,2',3'-
p.p'-DDE
2.3,4,2',5'-
2.3,6,3',4'- (3,4.3',4'-)
2.3.5,3',4'-
2,4,5,3',4'-
2,3.5,2',4',5'-
2,4.5,r.4',5'-
2,3,4,3',4-
2,3,4,2'.3',5'-
(2,3,4,5.3',5-)
2,3.4,2',4',5'-

2,3.4.6,2'.4',5'-
(2,4,5.3',4',5'-)
2,3,4,r,3',4'-
2.3.4,5.2'.3',6-
2,3,5.6.2',3',4'-
2,3.4.5.3',4'-
2.3,4,5.2'.4'.5r-
2,3.5.6,2'.3',4'.5-
2.3.4,5.2',3',4'-
2.3,4,5,2',3',4'.6'-
2.3.4.5,2',3',4'.5'-

Adipose

Median

0.08
9
0.5
0.3
0.6
0.5
0.3
7
0.4
2
0.2
O.I
O.I
1
0.9

2
0.2
0.1
O.I
2
O.I
1
1
O.I
0.3
1
0.2
0.1
O.I
0.07
0.09
0.07
0.4
0.6
0.2
0.2
0.1

(flit.)

Range

0.002-0.2
0.5-183

0.07-3
0.06-4
0.09-11

0.1-5
0.04-3
0.5-36
0.1-2
0.2-18

0.05-2
0.08-0.3
0.07-0.5
0.07-5
0.03-6

0.3-8
0.08-0.5
0.07-0.3
0.09-0.2
0.09-5
0.05-0.7
0.09-4
0.2-4

0.05-0.3
_0.05-l

0.06-4
0.05-0.7
0.06-0.2
0.05-0.4
0.05-0.2
0.05-0.2
0.05-0.3
0.08-2
0.05-3
0.05-0.5
0.08-1
0.05-0.2

0.1

Plasma

Median

0.7
27
4
2
3
3
1

26
2
7
1
0.9
0.8
4
3

7
I
0.5
0.6
8
0.7
5
2
0.4
1
4
0.6
0.3
0.5
0.8
0.3
0.4
2
3
1
1
0.7

(ng/ml)

Range

0.03-:
1-850

0.5-23
0.2-42
0.2-24
0.4-55
0.2-42
0.7-180
0.2-27
0.3-113
0.3-9
0.6-2
0.4-6
0.4-12
0.7-29

0.6-35
0.6-2
0.3-3
0.4-1
0.7-41
0.2-2
0.7-12
0.6-20
0.2-2
0.4-4
0.5-17
0.2-2
0.2-0.8
0.2-2
0.7-0.8
0.2-0.3
0.2-0.5
0.2-5
0.6-8
0.2-2
0.5-3
0.2-1

Adipose-
plasma

partition

90
200

80
90

310
80
60

200
70

160
60

50
240
190

170

180
300
270
130

360
110
370
160
120

310
270
260
360

Note. Concentrations were calculated from response factors of standards for peaks 1(1); 11(2-20, 23); peak 22
(21.22.24-36). Peaks 14-16 were negligible in fat and plasma. Partition was derived from regression coefficient
(slope) of adipose vs plasma levels. Peaks with no partition values bad fewer than four case* with detectable values
in both adipose and plasma, or the correlation was not statistically significant (peaks 17, 18, 24). The number of
cases with detectable peaks in both adipose and plasma were (peak, n): IA, 14; 1, 25; 2, 16; 3, 9; 4, 17; 5, 17; 5A,
16; 6, 26; 7, 7; 8, 20; 9. 8; 10, 3; 11. 9; 12. 23; 13, 17; 20, 22; 21, 16; 22, 23; 23, 19; 25A. 17; 25. 23; 26. 16; 27.
7; 28, 10; 32, 19; 33, 22; 34, 4; 35, 11.
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ma (ng/ml)

Range

0.03-2
1-850

0.5-23
0.2-42
0.2-24
0.4-55
0.2-42
0.7-180
0.2-27
0.3-113
0.3-9
0.6-2
0.4-6
0.4-12
0.7-29

Adipose-
plasma

partition

90
200

80
90
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80
60

200
70

160
60

50
240
190

0.6-35
0.6-2
0.3-3
0.4-1
0.7-41
0.2-2
0.7-12
0.6-20
0.2-2
0.4-4
0.5-17
•V2-2
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0.2-2
. 0.7-0.8
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0.2-5
0.6-8
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170

180
300
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370
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270
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360
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berg Laboratory, University of Stockholm, from syn-
thesized standards using a 50-m OV17 capillary column.
Retention times of 4,4'-dichlorobiphenyl and peaks I,
2, 4, 5, 7, 8. 11, 17, 18, 22, 25, 29, and 32 (Table I)
were verified with standards on the 70-m OV17 column
and also checked by coinjeclion with Aroclor 1254 or
1016 and with actual adipose or serum samples. Reten-
tion indices (RI) for individual PCB congeners were
calculated for the OVI7 or OVIOI column according
to Albro et at. (1977). These RIs were linearly corre-
lated with retention times of congeners identified from
standards on both OV17 columns. For peaks with re-
tention times less than p./r'-DDE, the linear regression
of RI versus retention time gave predicted values within
10 of that calculated with r1 0.99 (50-m OV17 column
with temperature program) or r3 0.97 (70-m OV17 col-
umn. 250*C isothermal). For isomers differing only with
respect to 2,4- or 2,5-substitution on one ring, e.g., peaks
7, 8 or 11, 12 the order of elution was reversed from
the calculated RIs. Similar results for RI vs retention
time were obtained with GC-MS using two columns.

Four major unidentified LPCB peaks (1.6. 8,13) had
extrapolated RIs of 2174. 2333, 2352. 2413 (OV-17
column, respectively). RIs for the proposed structures
were 2162 (1; 2,4.4-tri-CB), 2325 (6; 2,4.S,4'-tetra-CB),
2368 (8; 2.4.3'.4'-tetra-CB), and 2401 or 2407 (13;
2,3.4.4'- or 3.4.3'.S'-tetra-CB). The degree of chlorina-
tion was verified by HRGC-MS. Standards available
for peaks 1 and 8 corroborated their assignments.

Peak 13 was a tetrachlorobiphenyl. tentatively as-
signed as either 2,3,4.4'- or 3,4,3',5'-letra-CB. Both are
present in Aroclor 1242 (0.2%; Albro and Parker. 1979).
A peak at'this retention time was also observed in Ar-
oclor 1254 (Fig. 3). RI data obtained by GC-MS with
two capillary columns (OV-17, OV-101) gave corrob-
orative results. The RI for peak 13 on the OV101 col-
umn (2062) was closer to that for 4,r,3',4'-TCB (2050
actual) than for 3.4.3',5'-TCB (2095 actual). Similarly,
the RI for unidentified peak 5a (1982) on the OV101
column was closer to that for 2,2',3',4'-TCB (1974) than
for 3,5,3'.5'-TCB (2046).

For purposes of comparison with data calculated by
the method of Webb and McCaJI (1973), 2,4.4'-trich-
lorobiphenyl corresponded to retention lime 37 (rela-
tive lop.//-DDE - 100); 2,4,2',4'-tetrachlorobiphenyl to
47; 2,4,5,4'-, 2,5,3',4'-. and 2,4,3',4'- to 70; 2.4,5.2',S'-.
2,4,5.7,4'-, and peak 13 to 84. Other components may
also coelutc at these retention times. The HPCB reten-
tion times were 125, 2.4,5.3',4'-penta-CB; 146, 2,4,-
S.r.O'-hexa-CB -t- 2.3.4.3',4'-penu-CB; 174. 2,3,4,2V
4',5'-hexa-CB; 203, Z3.4.2',3',4'-hexa-CB; 232, 2,3.4,5,-
3'.4'-he»a-CB.

Statistical analysis was performed through the City
University of New York computer center (IBM 370)
by the Statistical Package for the Social Science*
(SPSS) or the Statistical Analysis System (SAS: SAS
Institute, Raleigh, N.C.). Because the PCB concentra-

tions were distributed similar to the lognormal. medians
were used as central valves.

RESULTS

Packed column GC analysis of plasma or
adipose samples from these workers showed
as many as 14 peaks corresponding to tri-
through hcptachlorobiphenyis, while HRGC
showed more than 40 peaks (Figs. 1 to 4).
Total PCB residues were calculated as Ar-
oclor 1248 (for peaks with retention times
less than p.pf-DDE, hereinafter denoted as
LPCB) and Aroclor 1254 residues (for peaks
with retention times greater than p.p'-DDE.
hereinafter denoted as HPCB). Data from^.
HRGC (Table 2) showed total PCB values
comparable to those obtained from packed
column GC analyses by the method of Webb
and McCall (.1973). These two methods of
quantitation gave lower values than those
found by the sum of peak areas (Table 2).

Adipose concentrations of LPCB and
HPCB, as the sum of individual HRGC
peaks, were correlated with levels in plasma
(Figs. 5 and 6). The adipose-plasma parti-
tion, determined as the slope (regression
coefficient) from linear regression of adipose
versus plasma concentrations, was 185 for
LPCB. For HPCB, the adipose-plasma par-
tition was 190. The PCB peaks, observed by
HRGC of the human samples, were consis-
tent with peaks in Aroclors 1016, 1242, an*
1254. For 40 peaks, structures are listed in
Table 1. At the time of the study (1976),
Aroclor 1016 had been the most commonly
used PCB, with some Aroclor 1221 since
1971. Aroclors 1242 and 1254 had been used
from 1959 until 1971, and Aroclor 1254 had
been used from 1946 until 1959.

In Aroclor 1016, peak 1 contained both
2,5,4'- and 2,4,4'-trichlorobiphenyls, which
were resolved on the OV101 (GC-MS), but
not the OV17, column. Adipose tissue sam-
ples showed only 2,4,4'-trichlorobiphenyl.
The proposed structure and the retention
time for peak 6 corresponded to that re-
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AROCLOR 1016
5 ufl/ml SOLUTION
250* ISOTHERMAL
70 m 0V T7 GLASS
CAPILLARY COLUMN

10 20 30 40 50

MNUTES

Fie. I. Typical chromatogram from HRGC analysis of standard PCB solution (Aroclor 1016). Peak
numbers refer to structure designation in Table 1.

ported by Japanese workers (Yakushiji el
al., 1978; Kuwabara et al., 1978; Watanabe
et al., 1977). These peaks have been reported
in Aroclor 1016 and 1242 (1, 13-14%; 6, 1-
2%; 8, 0.1-0.8%) (Albro et al., 1977; Albro
and Parker, 1979). Peak 20 (2,4,5,3',4'-penta-
CB) has not been reported in Aroclor 1242
(Albro and Parker, 1979) and could not be
strictly differentiated from 2,4,3',4',5'-penta-
CB (reported as 0.36% in Aroclor 1242) on
the basis of retention indices on only two
columns; standards were not available. How-
ever, this peak has been reported in
commercial PCBs with 54% chlorine as 2,-
4,5,3',4'-pcntachlorobiphenyl (Jensen and
Sundstrom, 1974; Sissons and Welti, 1971).

LPCB peaks 1 and 6, 2,4,4'-tri-CB and
2(4,5,4'-tetra-CB, were the most commonly

detected and had the highest concentrations
of all PCB congeners in adipose tissue and
plasma (Table 1). The major LPCB peaks,
1, 6, 8, 12, and 13 were present in 26 of 26
adipose tissue samples. Some samples (5 of
26) demonstrated only these peaks, with
barely perceptible peaks 2 and 4, as in Fig.
4. An additional 11 of 26 samples were sim-
ilar except that peaks 5, 5a, 9, and 10 were
also detectable. In 6 of these 11 cases, peak
6 was greater than peak 1, the reverse of the
usual pattern. Thus, altogether 16 of 26 sam-
ples showed a well-differentiated LPCB pat-
tern, with mainly peaks 1, 6, 8, 12, and 13.
For these 16 cases, the adipose LPCB level
(geometric mean; GM) was 26 ppm. The
group included 2 retired persons; 8 persons
with no direct exposure to PCBs; 6 from jobs
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FIG. 2. Typical chromatogrim from HRGC analysts of adipose sample from a PCB-exposed worker
with current high exposure to Aroclor 10I6 and with HPCB (peaks 20 to 33) typical of the general
population.

involving direct exposure to PCBs, such as
capacitor filling. The remaining 10 samples
showed more LPCB peaks, including 4,4-
dichlorobiphenyl, and resembled Fig. 2.
These 10 persons all had direct PCB expo-
sure and a level of adipose LPCB (GM) of
64 ppm. Even those samples with LPCB
traces similar to Aroclor 1016, however,
showed enhanced levels of the major peaks
1, 6, and 8, reflecting an accumulation of
these congeners superimposed on the current
exposure.

Of the HPCB congeners, peak 20 was
usually the most concentrated, and the in-
tensity of this peak, greater than peak 22
(2,4,5,2',4',5'-hexa-CB), constituted a clear
pattern, even on packed column GC analysis,
among these workers (Fig. 4). Among 26

' adipose samples. 18 demonstrated this pat-
tern, similar to Aroclor 1254 (Fig. 3). The

concentration of peak 20 was correlated with
that of peaks 12, 13, and 23 (r = 0.7-0.9),
consistent with the idea of a common origin,
from either Aroclor 1242 or 1254. The con-
centrations of peaks 20, 21, 22, 24 to 26, 28,
and 32 to 35 were also correlated with du-
ration of employment (r = 0.5-0.7). For
those persons employed for less than 10
years, the correlation was stronger (r = 0.9
for peaks 20 and 22). Peaks 14 to 18, prom-
inent in Aroclor 1254, were absent (<0.01
ppm in adipose); these peaks all had the 2,5-
substitution pattern amenable to metabolism
(Jensen and Sundstrom, 1974; Lutz et at.,
1977; Matthews and Tuey. 1980).

By contrast, in the general population, or
in Aroclor 1260-exposed persons and in Ar-
oclor 1260 itself, peak 20 is ordinarily much
smaller than peak 22 (unpublished data).
Peaks 22 and 25 have been the major peaks
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AROCLOR 1254
CONDITIONS:
250* ISOTHERMAL
70 m 0V 17 GLASS CAPILLARY
COLUMN

20 30 40
MINUTES

50

FIG. 3. Typical chromatogram from HRGC analysis of standard PCB solution (Aroclor 1254). Peak
numbering refers to structure designation in Table 1.

20

FlG. 4. Typical ct
showing well-differc
preceding peak 17 i

in general population samples analyzed in
this laboratory, consistent with the findings
of Jensen and Sundstrom (1974). The worker
whose adipose tissue analysis is depicted in
Fig. 2 had 18.3 ppm LPCB in adipose; this
worker had been employed for less than 2
years working in a job with direct PCB
(Aroclor 1016) exposure.

The lower PCB peaks resembled those in
Aroclor 1016, but the HPCB pattern and
level (2.4 ppm) were consistent with a gen-
eral environmental exposure. Hence, the low
concentrations of peaks 12, 13, and 20 were
consistent with the lack of exposure to Ar-
oclor 1242 or 1254, which had been used
prior to this person's employment. For the
paired adipose-plasma samples, the patterns
of PCB peaks from the HRGC analysis were
practically superimposable. The adipose-
plasma concentrations from the HRGC

analysis were linearly correlated for every
individual congener (r = 0.7-0.98) where
more than three cases had detectable peaks,
except for peak 24 (Table 1; r = 0.4, n = 6).
The correlation was not statistically signif-
icant for peaks 17 (r = 0.7, n « 4) and 18
(r = 0.8, n = 4).

The partition values [slope (regression
coefficient) of adipose vs plasma concentra-
tions] for individual PCB congeners (Tables
1, 3) could be classified into three groups:
< 100, 100 to 190, 200 to 300+. The PCB
congeners so divided were characterized
more by chlorine substitution pattern than
by degree of chlorination (Table 3). The
group with lowest partition values (<100)
included congeners with 2,5-substitution on
one ring (peaks 2, 3, 5, 7, and 11) and 4,4'-
DCB. Congeners with 3,4-substitution on
one ring had partition ratios (linear slope)

from 100 to 190 (p
25). Congeners with
rings, as well as 2.-
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FIG. 4. Typical chromatogram from HRGC analysis of adipose sample from a PCB-exposed worker
showing well-differentiated PCB pattern. Peak numbering refers to Table K The peak immediaiely
preceding peak 17 is p.tf-DDE.

from 100 to 190 (peaks 8, 19, 20, 23, and
25). Congeners with 2,4-substitution on both
rings, as well as 2,4,4'-tri-CB and 2,4,5,4'-
tetra-CB, had partition values greater than
200 (peaks I, 4, 6, 12, 22, and 33).

The linear relationship of adipose and
plasma concentrations of PCB congeners
within these structural groups (Table 3) was
investigated by linear regression techniques.
The results of the analysis (Table 3) were
consistent with a common slope within each
structural group, which was each different
from the other. A slope similar to those for
individual peak concentrations was found
when the total PCB concentrations for com-
pounds with 2,5-, 3,4-, and 2,4-substitution
patterns were used for adipose-plasma par-
tition.

Of the 37 PCB congeners identified, nine
had a 2,3,5- or 3,5-chlorine substitution on

one ring. These congeners were not a sub-
stantial proportion of the Aroclors or human
samples. In terms of relative concentrations
(tissue vs Aroclor) and adipose-plasma par-
tition, the 2,3,5-substituted congeners wcr
similar to 2,4,5-subslituted congeners.

DISCUSSION

The preferential bioaccumulation of PCB
congeners with nominal 4-. 2,4-, or 3.4-chlo-
rine substitution on both rings (but not 4.4'-
di-CB) was suggested by

(1) The occurrence of only such LPCB
peaks in many cases, e.g., peaks 1. 4. 6, 8.
12, and 13.

(2) The higher adipose-plasma partition
ratios of these peaks. The adipose-plasma
partition of tri- and telra-CBs wUh appro-
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TABLE 2

COMPARISON OF TOTAL PCB CONCENTRATION IN ADIPOSE AND PLASMA DETERMINED BY PACKED COLUMN
AND HIGH-RESOLUTION GAS CHROMATOGRAPHY (HRGC) (n - 26)

Packed column HRGC

Sum of peak areas Webb and McOll Sum of individual peaks

Method- Median Range Median Range Median Range

Plasma LPCB, ppb
Plasma HPCB. ppb

Adipose LPCB. ppm
Adipose HPCB. ppm

145
33

36
14

18-1362
1-180

5-234
2-54

95
19

23
3

2-2360
1-89

4-157
0.4-12

83
19

24
6

2-1412
1-60

2-271
0.2-19

' LPCB. Total of GC peaks with retention time less than p.p'-DDE; HPCB. total of GC peaks with retention
time greater than p.p'-DDE.

priatc substitution patterns was comparable
to those for higher chlorinated biphenyls,
which have been clearly shown, in human
and animal studies, to bioaccumulate.

(3) The absence or much lower concen-
tration of 2,5-chlorine substituted PCB con-
geners (i.e., those with vicinal unsubstituted
carbons at the 3,4-positions of the biphenyl
ring) in human samples, compared'with con-
centrations of these congeners in Aroclor
mixtures.

(4) The lower adipose-plasma partition
of 2,5-substituted PCB congeners.

The occurrence, in many cases, of only
certain LPCB peaks (1, 6, and 8; e.g.. Fig.
4) suggested that other LPCB components
had been eliminated. Even where the LPCB
pattern resembled that of Aroclor 1016 (e.g.,
Fig. 2), relatively higher concentrations of
peaks 1, 6, and 8 were seen. The simplest
prototype for bioaccumulation, 2,4,4'-tri-
chlorobiphenyl, was invariably detected in
these workers, and in 20 of 26 cases was the
PCB congener with the highest concentra-
tion. 2,4,4'-Trichlorobiphcnyl is the only
major component of Aroclor 1016 (14%;
Albro et al., 1977) which contains the sub-
stitution pattern consistent with accumula-
tion. Also, peaks 6 and 8 (2,4,5,4'- and 2,-

4,3',4'-tetrachlorobiphenyls) were always
present in these workers. These components
may be derived from Aroclor 1016, 1242, or
1254. In 6 cases, peak 6 (2,4,5,4'-tetrachlo-
robiphenyl) was greater in concentration
than peak 1 (2,4,4'-trichlorobiphenyl). This
could be doe to greater persistence of peak
6 or to accumulation from Aroclors 1242
and 1254, since it was observed in low ex-
posure jobs. The higher concentrations of
LPCB congeners in these workers may be
attributed to their current exposure to Ar-
oclor 1016 (air levels as high as 1 mg/m3),
whereas HPCB reflected past exposure, more
than 5 years before.

Further evidence of the bioaccumulative
tendency of these peaks (1,6, and 8) comes
from the adipose-plasma partition ratios,
although the partitions cannot be used, in
the absence of observations over time, to
construe long-term persistence. Peaks 1, 4,
6, 12, and 19 are a homologous series of 2,4-
substituted biphenyls, all with similar adi-
pose-plasma partitions. However, peak 1 has
three unsubstituted 5,6-carbons available for
metabolism, while peak 19 has none. 4,4'-
Dichlorobiphcnyl, with no onho chlorines
and four unsubstituted 5,6-positions, had a
partition similar to that for 2,5-substituted
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Fie. 5. Correlation of adipose with plasma HPCB
concentrations, as the sum of individual peaks, depicted
as logarithmic values. The linear regression equation
was adipose -2.4 + 0.19 plasma, r - 0.70.

congeners (Table 1). Thus, in addition to the
electronic influence of two 4-chlorines, the
presence of a chlorine substituent on at least
one 2-position may determine disposition of
PCBs.

The correlation of the concentrations of
HPCB peaks 12, 13, and 20 of 25 with total
duration of employment, and the similarity
of relative concentrations in tissue to that in
Aroclor 1254, suggested accumulation of
these PCB congeners during the period of
use of Aroclors 1242 and 1254.

By extrapolation from the Webb and
McCall retention times (see Methods), the
major peaks which were reported in workers
exposed to Aroclor 1242 (Ouw et al., 1976)
corresponded to those which have been ob-
served in this study. Chromatograms of
PCBs in blood of Japanese workers exposed
to different PCB mixtures also showed the
major PCB congeners we observed (Watan-
abe et al., 1977). Peaks 1, 6, and 8 were the
major components observed in two workers
exposed to Kancchlors 300 or 400, and peaks
6 and 8 were observed as minor components
in a worker exposed to Kaneclor 500. We
have also observed peaks 6 and 8 in Aroclor
1254-exposcd workers (unpublished data).

No animal studies have provided compre-
hensive experimental data for disposition
of individual PCBs, but the available data
corroborate our findings. Hansell et
a/.(1977) determinod hepatic concentra-
tions of 4,4'-dichlorobiphenyl, 2,4,2',4'-tetra-
chlorobiphenyl, and 2,4,5,2',4',5'-hexachlo-
robiphcnyl in the rat. 4,4'-Dichlorobiphenyl
was rapidly eliminated. Although the elim-
ination rate was apparently similar for 2,-
4,2',4'- and 2,4,5,2',4',5'-chlorobiphenyls. a
greater initial decrease of 2,4,2',4'-tetrachlo-
robiphenyl, possibly through a nonmetabolic
route, provided a faster clearance rate for
the tetra-CB congener. Thus distribution or
PCB homologs may be similar, but elimi-
nation via metabolism may differ over long
periods of time. Lutz et al. (1977) reported
fat-blood ratios of 70 (4,4'-DCB), 70 (peak
11), and 400 (peak 22) in the rat, which are
quite similar to the values observed in this
work for humans (Table 3; 80, 50, and 270.
respectively).

In a study of the pharmacokinetics of sym-
metrical hexachlorobiphenyl isomers in the
rat, the pattern of chlorine substitution af-
fected disposition (Matthews and Tuey,
1980). 2,3,6,2,3',6'-Hcxachlorobiphenyl, with
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Fio. 6. Correlation of adipose with plasma LPCB
concentrations, as the sum of individual peaks, depicted
as logarithmic values. The linear regression equation
was adipose -6.3 + 0.18 plasma, r - 0.98.
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ADJPOSE-PLASMA

«* 26 PCB-ExPosVow?'0" COEFFIC'^r

Reduced model
Common slope
n

Total PCBs
Slope
Mean adipose

concentration.

2.5.2'.S-
2.4.2',5'-
2,3.2',5'-
2,5.3',4'-

2,4,5,2',5'-

80
90
80
70

81
52

84

2

2,4,3',4'-
2.4,5.3',4'-
2.3,4.3'.4-.
3.4,2',4',5'-

160
180
130
110

2,4.4'-
2.4.r,4-
2,4.5.4'-

2.4.5.2-.4'-
2.4,5,2-.4',5'-

200
310
200
240
270

149
79

137

7

204
108

205

34

two vicinal unsubstituted carbons, was rap-
idly eliminated and had an adipose-blood
partition less than 100. 2,3,5,2',3',5'-
Hexachlorobiphenyl was persistent, with an
adipose-blood partition less than 100.
Hexachlorobiphenyls with 2,4,5,2',4',5- and
2,4,6,2',4',6'-substitution were also persistent
with adipose-blood partition > 200 14 to 21
days after exposure. A partition value of 290
to 300 has been observed for the brominated
homolog of peak 22, 2,4,5,2',4',5'-hexabro-
mobiphenyl, in humans (Wolff et al., I979a,
b), comparable with the value of 340 re-
ported for the rat (Tuey and Matthews,1980).

The difference in distribution of 3,4- ver-
sus 2,4-substituted PCB congeners, sug-
gested by adipose-plasma partitions, is of
interest due to their potential toxicological
differences (Goldstein, 1979; Parkinson et
at., 1980a,b; Yoshimura et al., 1973; Ya-
mamoto et al., 1976; Goldstein et al., 1977).
3,4,3',4'-Tetrachlorobiphenyl, the only such
isomer reported in actual PCB mixtures,
could not be differentiated from other PCBs
in these samples by the analytical methods
used. The relative concentration of this peak

(Table 1) suggested that it was not bioac-
cumulated; whereas other 3,4-substituted
isomers, apparently bioaccumulated, were
major components of the PCB body burden.
However, 3,4,3',4'-tetra CB is a minor com-
ponent (0.34%) of Aroclor 1242 (Albro and
Parker, 1979).

The adipose-plasma partition of conge-
ners with 3,4-substituted chlorines was
somewhat lower than homologous 2,4-sub-
stituted congeners. This observation, by
comparison with the low adipose-plasma
partition of 2,5-substituted congeners, could
be construed as evidence of more rapid me-
tabolism. However, the concentrations and
correlation with duration of exposure were
not less for 2,4-substituted congeners. In-
deed, in terms of availability of 5,6-positions
for metabolism, the 3,4- and 2,4-substituted
isomers are identical, although orientation
of electrophilic substitution during metabo-
lism may differ.

Many factors may affect persistence and
disposition, and lack of adequate observa-
tions over time precludes definitive evalua-
tion of persistence. One factor salient to
adipose-plasma partition, however, is solu-

bility. Johnstone
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bility. Johnstonc el al. (1974) reported a
greater water solubility for 3,4,3',4'- (0.175
Mg/ml) than for 2,4,2',4'-tetrachlorobiphenyl
(0.0675 ^g/ml). McKinney et al. (1976)
reported a lower hexane-acetonitrile parti-
tion for 2,3,4,2',3',4'- (0.60) than for 2,4,-
5,2',4',5'-hexachlorobiphenyl (0.81). We have
observed similar values for these isomers
(0.67 and 0.81, respectively), and for
3,4,3',4'- (0.56) and 2.4,2'4'-tetrachlorobi-
phenyls (0.71) (unpublished data). A greater
water solubility (or smaller hexane-aceto-
nitrile partition, i.e., lower lipophilicity) in-
fers a greater blood solubility and hence a
lower adipose-plasma partition. Such a phe-
nomenon, with similar (slow) metabolism,
would suggest a greater availability (blood
concentration) of such isomers for hepatic
enzyme induction, for example. Notable in
this regard are several observations that
2,3,7,8-tetrachlorodibenzodioxin and diben-
zofuran have high hepatic concentrations
relative to that in adipose tissue (Kuroki and
Masuda, 1978; Nagayama etal., 1977;Birn-
baum et al., 1980).
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T H t F I K S T E V I D E N C E t h a t food supplies h a d become con tamina ted
with polychlorinated b iphenyls ( P C B s ) was reported in 1966. when
fish from various Swedish waters were shown to contain these chemi-
cals.1 Since then, PCBs have been identified as contaminants in food
supplies around the world. They have been found in pike taken from a
lake in Finland, in mollusks and marine fish from Scottish waters, in a
wide variety of fish caught in the St. John River system, in wildlife in
California, and in trout and salmon taken from Lake Michigan.2-3

More recent findings indicate that contamination by PCBs continues to
be widespread. Within the last few months, striped bass caught in the
Hudson River have been found to contain as much as 90 parts per
million (ppm) PCBs, while pike caught in the Baltic Sea were shown to
contain 0.31 ppm PCBs in their muscle and up to 190 ppm in their
ovaries.4 '5 Moreover, plankton from the Baltic Sea, upon which many
fish feed, contained levels of 25 ppm PCBs in their fat.6

The federal government currently conducts three separate programs
in which the contamination of foods by PCBs is measured: the PDA
(Food and Drug Administration) Pesticide Surveillance Program, the
PDA Total Diet Program, and the USD A (U.S. Department of Agricul-
ture) Surveillance Program.

The PDA Pesticide Surveillance Program, which began in 1968, v.
developed to gather information on the levels of pesticides, as well aT"
of PCBs, in foods and animal feeds based on a statistical sampling
program designed to cover specific geographical regions of the U.S.
The program is intended to assure the safety of the human food sup-
ply by screening and removing shipments of foods containing PCBs or
pesticides in excess of established tolerances. Commodities covered
under this testing program include dairy products, eggs, fish, animal
feeds, fruits, vegetables^nd processed foods.
- In the FDA^Tptal D«r Program, the levels of pesticides, PCBs, and
trace heavy metals in sample diets are measured. Twice a month, a diet
approximating .that-, which would be consumed in a two-week period
by a hypothetical fifteen- to^twenty-yjear-old male is collected at retail
stores iit-fiye regfjJIiB^ around the U.S.'Ihc foods are prepared in the
apprr>T*'*f*L^^^/^ani*Jv''fr:ffi>"*'»f< into twelve^ basic food composite
classes, including m«at,^sh, ppuftr^r^and leafy." Vegetables. Each com-
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What IS acceptable?

posite class is then analyzed for con-
taminants.

The US DA Surveillance Program
consists of periodic sampling and anal-
ysis of meats and poultry for chemical
contaminants, including PCBs. Samples
are taken from federally inspected
slaughterhouses.

Levels of PCBs in Food

A summary of the findings regarding
PCBs in the three survey and surveil-
lance programs are listed in Table
I.1 '2 '7 Although the data are incom-
plete, it is evident from this table that
PCBs continue to contaminate our
food. Results of the FDA Pesticide
Surveillance Program appear to indicate
an increase in the extent of contamina-
tion, while those of the USDA Surveil-
lance Program indicate a decrease: this
apparent conflict may be explained by
the fact that different foods are
sampled in these programs, and it is
quite possible that contamination of
some kinds of foods has decreased
while it has increased in others.

The apparent decrease in the levels
of PCBS reported in the FDA Total
Diet Program Survey between fiscal
year 1973 and the first half of fiscal
year 1974 must be viewed with cau-
tion. During the first half of fiscal year
1974, the average PCB levels for milk
and other dairy products, for eggs and
egg products, and for animal feed in-
gredients were equal to'or greater than
those reported for fiscal year "1973.

Tests ire belne, conducted by th« FDA
Pesticide Surveillance Program on food
items sucn at fruits and vegetables to deter-
mine the amounts of PCSs In excess of
•stabllsnad acceptable levels.

TABLE 1

COMPILATION OF DATA FROM FEDERAL SOURCES

FDA Pesticide Surveillance Program
Vear Number of Sample! Percent Contaminated

Levels of
Contamination

1968-71

Fiscal 1973
Fiscal 1974

15.000

7,882
1,723

3.2

4.0
5.4

FDA Total Diet Program Survey
Number of Composite

Year Food Samples Percent Contaminated

"detectable"
(fish, specifically:

1-10 ppm)
"detectable"
"detectable"

Levels of
Contamination

1968-71
Fiscal 1973
Fiscal 1974

900
360
360

6
6
4

USDA Surveillance Program
Year • Number of Samples Percent Contaminated

trace — 0.36 ppm
trace — 6.0 ppm
trace — 0.05 ppm

Levels of
Contamination

1971
Fiscal 1973
(Poultry only)
Fiscal 1974
(Poultry only)

4,175

1.037

574

4.0

2.6

1.0

trace — 15 ppm

trace — 4 ppm

1.25 ppm

Then why is there an apparent de-
crease between 1973 and 1974? In
large part, this reflects an apparent de-
crease in the number of fish that were
found to be contaminated with PCBs.
In fiscal year 1973, 62.2 percent of
the fish samples examined contained
PCBs ranging from trace amounts to
123 ppm. In the first half of fiscal
year 1974, only 35.3 percent of the
samples checked were contaminated,
and the levels found ranged from trace

amounts to 9.7 ppm. However, the fish
data reported for fiscal year 1973 in-
cluded mostly freshwater fish, in which
PCB contamination has been shown to
be greatest, while during the first half
of fiscal year 1974 the samples con-
sisted mainly of marine fish. Since the
samples are not comparable, the
apparent decrease is probably a reflec-
tion of the difference in levels of HCB
contamination between freshwater and
marine fish rather than an indication
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of a general Jeclme in CCBs in Inn
In a d d i t i o n to these observations,

numerous speiil ' ic incidents ol PC B
contaminat ion of food have been re-
ported by the KD\ and the L ' S U \ . In
1970. the Campbell Soup Company de-
tected high levels of H C B S (26.8 ppm
on j tat basis) in chickens grown in
New York state. As a result. 140.450
chickens were destroyed. In Ju ly 1971.
the Monsanto Company informed the
KDA that large amounts of fish meal
might have been contaminated with
PCBs during the pasteurization process,
due to a leak in the heating system at
the company's East Coast Terminal in
Wilmington. North Carolina. An inves-
tigation by the FDA revealed that the
leak had begun in April 1971 and had
continued through July 1971. Contam-
ination of the fish meal was verified,
and. as a result, over 123.000 pounds
of egg products and 88,000 chickens
were destroyed. That same year, the
FOA was notified that high levels of
PCBS (20 ppm) had been found in
Swift and Company turkeys. As a re-
sult, approximately 1,000.000 birds
were kept from market . ' These inci-
dents and the results of the federal sur-
veillance programs demonstrate further
that contamination of food by HCBS is
not a new phenomenon: it is a con-
tinuing problem which has resulted in
part from the continued indiscriminate
discharge of PCBs into the environ-
ment, and it is one which must be
eliminated because of the severe health
hazards posed by these compounds.

"Acceptable Dietary Intake"

The FDA has calculated what is
termed an "acceptable daily dietary in-
take" for PCBs in the human diet — or
a level of PCBS which, if ingested for
an extended period of time, would be
lexicologically insignificant. Even if
the validity of such a concept is as-
sumed, the basis for establishing such a
level must be evaluated. In this connec-
tion, the I -DA's final environmental
impact statement for rulemaking on
PCBs8 indicated that both animal and
human lexicological data were used to
establish an allowable dietary intake
for human beings.

According to data then available
(1973), long-term studies of dogs and
rats showed "no-effect levels" (the
dose levels below which the effects
looked for were not observed) of 10
ppm for three commercial types of
PCBS (Aroclors 1242, 1254. and 1260)
fed in the diet. Employing the stan-
dard 100-to-l safety factor used in
applying results of animal experiments
to human health standards, a no-et'fect
level for human beings, based on data
derived from the dog experiments, was

It appears that the metab-
olism and excretion of
PCBs, especially of Aroclors
with high chlorine content,
are even slower than for
some of the most persistent
pesticides, such as dieldrin
and DOT.

calculated to be an intake of 0.002S
milligram per kilogram of body weight
per day. From the data on rats, a fig-
ure of 0.003 milligram per kilogram of
body weight was obtained. On the
basis of the tests in dogs, the allowable
level of PCB intake in a man weighing
70 kilograms (about 155 pounds) was
figured to be 0.175 milligram per day
(70 kilograms x 0.0025 milligram).

The human lexicological data used
in determining the allowable daily dose
were derived from investigations of
human PCB poisonings in Japan. In
1968, over 1,000 Japanese persons ex-
perienced PCB poisoning after consum-
ing rice oil contaminated with Kane-
chlor 400.9'10 In addition to causing
headaches, swelling of eyelids, tempor-
ary loss of vision, and many other
symptoms, PCBs stored in the adipose
tissue (connective tissue containing
stored cellular fat) of pregnant women
were passed through the placental wall
to the fetuses. As a result, nine of the
ten live-born babies had unusually
greyish, darkened skin, and most were
born underweight.

The outbreak was interpreted by
the FDA to have the following implica-
tions for PCB intake standards:*

"Since 2,000 milligrams was re-
ported to be the average total dose
causing an effect in the Japanese, it is
possible that 200 milligrams total dos-
age PCBs (applying a safety factor of
10 to 1) may be tolerated over a much
more protracted period of time with-
out overt adverse effect if daily expos-
ure is held to minimal levels. This
would permit ingestion of 4 micro-
grams J0.004 milligram| per kilogram
body weight per day in • 70-kilogram
man. Since the lowest total dose pro-
ducing an effect in man in the Japa-
nese incident was 500 milligrams, a
similar analysis leads to an allowable
protracted ingestion of 1 microgram
[0.001 milligram I per kilogram body

weight per day as derived from a 70-
kilogram man. '

On the basis of these da ta , the KDA
arrived at an allowable dose of H C B S
(for a 70-kilogram man) of 70 to 280
micrograms per day — or 0.07 to 0.28
milligram per day — compared to the
0 .175 milligram-per-day permissible
level established on the basis of the
dog experiments. The validity of these
calculations is very questionable, how-
ever. Particularly suspect are the esti-
mates that had to be made of doses
received by individual Japanese, as well
as the arbitrary assumption that a
safety factor of 10 to 1 is sufficient to
determine a safe level of intake for a
"protracted period of time." In addi-
tion, the calculations fail to consider
the potential long-term effects caused
by stored PCB residues.

Furthermore, according to H. Blu-
menthal (acting director, Division of
Toxicology, Bureau of Foods. FDA) in
the time since these calculations were
made, there have been two important
experimental observations concerning
PCBs which make the previously calcu-
lated allowable daily intake level obso-
lete:2 First, recent studies by J. R.
Alien and his colleagues on the effects
of low-level exposure of nonhuman pri-
mates to PCBs must be consid-
ered." •' J-' 3 •'* The effects seen in
these studies of monkeys are similar in
appearance and persistence to the
symptoms of the human poisoning in
Japan. Moreover, these symptoms were
documented at dietary intake levels as
low as 2.5 ppm (equivalent to about
2.5 milligrams per kilogram of body
weight). To date, a no-effect level for
PCBs in monkeys has not been estab-
lished. This would indicate that dogs
and rats are not particularly reliable
subjects for tests relating to primates,
since they are not as sensitive as are
primates to many of the toxic effects
of PCBs.

Second, Alien's work indicates that
the use of gross observations of toxic-
it y are not reliable in the study of
PCBs.11 Alien observed that routine
lexicological evaluations of rats which
were fed 100 ppm Aroclor 1248 for
one year revealed no abnormalities in
growth , mortality, or hematology.
However , more sophisticated tests
showed that these rats experienced
drastically altered fat and cholesterol
metabolism as well as changes in Liver
size and structure. Therefore, even if
an allowable human daily dosage for
PCBs calculated from animal lexicolog-
ical data were acceptable, the basis for
the FDA's 1972 calculations would be
seriously questionable.

The chemical nature of PCBs may
help to explain in part why they are
subacutely and chronically toxic. The
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therefore. ( M e \ lend to jccmmil j te jnd
concen t ra te in the body's ui store;,
rather t h a n bemp rap id ly metabol ized
and excreted. I t appears tha t the me-
tabolism and excretion of PCBs. espe-
cially of Aroclors with high chlorine
content, are even slower than t'or some
of the most persistent pesticides, such
as dieldnn and DOT. '* Thus, al ter in-
^estion. PCBs persist in the body for
lone periods of time and may thereby
elicit chronic effects.

Excessive Intake Is Common

The FDA's'acceptable daily PCB intake
level of 75 to 210 micrograms per day
for a 70-kilogram man seems debatable
at best. As J. Wessel. scientific coor-
dinator of the K D A . has pointed out. '
"It is qui te clear tha t the acceptable
daily HCB intake of 75-210 micrograms
per day could easily be exceeded by an
adult consuming some of the heavily
contaminated foods in his diet." Table
2. taken directly from Wessel's testi-
mony.1 illustrates this point clearly:
Consuming a steady diet of combined
foods from the list would produce con-
sistent over-exposure to PCBs if each
food had the maximum allowed con-
centration of PCBS (listed under the
head ing "Temporary Tolerance
[ppm]").

As Wessel concludes. "Even when
PCBs are present at the (permissible)
tolerance level, it would be possible for
an adult, with normal dietary habits,
to exceed 175 micrograms (0.175 mil-
ligram] of PCBs per day." Further-
more, adults with "normal dietary
habits" are not the only people who
are vulnerable. Perhaps at even greater
risk are those large groups within the
population (such as sport fishermen or
people who require special diets) who
consume above-average quantities of
PCB-contammated foods, or nursing
babies who ingest PCBS in their
mothers' contaminated milk and who,
for natural biochemical reasons, have a
very limited capacity for metabolizing
foreign substances such as PCBs. A.
Kolbye. Jr., associate director for
science. Bureau of Foods. K D A . and H.
Blumenthjl are clearly correct when
they say. respectively:' 7':

"Infjnts or young children could
also readily exceed the tolerable daily
exposure." and, "Thus, the best evi-
dence indicates that children would be
more susceptible to the poisoning
caused by unmetabolized PCBs. since

Jjpaneie doctor explaining the effects of
I*CB poisoning of TICK oil victims in Ifftt.

TABLE 2

RELATIVE CONTRIBUTION TO ACCEPTABLE DAILY INTAKE (175 mcq/g)
BY FOODS SUBJECT TO PCB TEMPORARY TOLERANCES

Type of Food

Milk

Cheese

Poultry

Eggs

Fish

Packaged
Food

Serving of Food

800 ml
(3.5 cups)

100 g
(3.5 oz)

200 g
(7oz)

100 g
(2 eggs)
200 g
(7 oz)

100-200 g
(3.5-7.0 oz)

Temporary
Tolerance (ppm)

2.5 (fat basis)
0.1 (whole product)

2.5 (fat basis)
0.6 (whole basis,
assuming 25% fat)

5.0 (fat basis)
0.5 (whole basis,
assuming 10% fat)
0.5

5.0

10.0
(Packaging)

Equivalent
Amount PCBs

In Food *

80 meg

60 meg

100 meg

50 meg

1,000 meg

10-60 meg*

Relative
Contribution"

to AOI

46%

35%

58%

29%

580%

6-35%

'Based on 1971 PDA Survey that 10 ppm PCBS in packaging can result in migra-
tion of 0.1 -0.6 ppm PCBS to packaged food.
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they have not developed effective ways
of eliminating them from the body."

Need for Reevaluation

The FUA'S temporary tolerances for
PCBs in food are both inadequate and
inappropriate: the acceptable daily
dose calculated in 1972 is now obso-
lete in light of more recent findings.
More importantly, however, the appro-
priateness of any "acceptable daily
dose" for PCBs is highly questionable
in light of new evidence demonstrating
the carcinogenicity of these com-
pounds in experimental animals."
Since there is at present no scientific
evidence that any level of intake of a

The USDA Surveillance
Program consists of
periodic sampling and
analysis of meats arid
poultry for chemical con-
taminants, including PCBs.

carcinogen is safe, the entire concept
of an acceptable daily dose for carcino-
genic substances such as PCBs is con-
tradictory and scientifically unsup-
portable.

Our growing concern about the con-
tinued contamination of food supplies
by PCBs reflects an ever-increasing
awareness of the extreme health haz-
ards posed by these compounds. Fed-
eral sampling and surveillance programs
have continually demonstrated the
presence of PCBs in our food supply,
and the existing temporary tolerance
levels for PCBs established by the PDA
have been insufficient to protect the
public health. A new regulatory pos-
ture is needed which takes into ac-
count recent evidence of chronic ef-
fects caused by low-level dietary in-
takes of PCBs and, even more impor-
tantly, the new evidence substantiating
the carcinogenicity of these com-
pounds in laboratory animals." D

The title of this article as originally
submitted HYZJ "PCBs in Foods: A
Look at Federal Government Respon-
sibilities. " The Publisher and Editors of
Environment are responsible for the
published titles and subtitles, selection
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>=t?I
1IH

-'PDfRRERZlN

••1LJLECULHR PDPMULR
r-1DLECULMR WtltHT
-USi-'ESIER LINE MOTftTIDM
ENTRY MONTH
THXIC DnTR SQUPCE
TDXIiRlR KF

RD 4-646?
C12-H19-H3-D
2S 1 . 34
r-.'U-NVR D1MM1
Bc'fJ?
•nipj-Rv Mutation Research. 67>189»7<»
MLiTH T 1 ON j M I C ODOPGftM I SMS ? S . T YPH I MUR I UM



TDXIC-

TDXIC DFTR SOURCE

TCKIC DRTH SOURCE
TUXUR1R KEYWORDS

TDXIC DRTR SOURCE
TDXliRTR KEYWORDS

TDXIC Ii-=lT=l SDJWCF
TGXDRTR KEYWORDS

, JXIC LRT^I SDJKCE

TDXHR7R KEYWORDS

rOXJC'DHTR SOURCE

JJIHDS JMCI« Journal of the Motional Cancer
Institute. 6£j373»79

Rrta.RQ Fiochimica et
3u7»7c:

COLJ jB
V Mutation Research. 74»77»3i;i

MUTflTIDhf CYTOGEMETICS; D. MELRHO&RSTER; IHSFC1S
UNKnOMN 5 c 0 mT,o 1 >'L
•••II ITH T I OM j NOHD I S JUHCT I DN 5 D . MEL RNOGRSTE P
I MSEC T S ? UMKNOLiN ! 5 U 0 umo 1 /L
EHMUDM Environmental Metagenesis. 2«515»SO
MUTRTIOh; HONDISJUNCT ION* D. MELRHDGRSTEP
IMSECIS;ORRL; 10 mmoi/t
••1URERV M-jt at i 01 Se se arch . 74 » 77 » S Ci
fll.lTRTlOrHJDOMIHRHT LETHRL5D. flELRMDGRSTEP

S; UHKHQMN! 20 iMnolxL
C Bo 1 let i no del la Society Itsliana oj

BiolO3>ia Speriment ale. 56 « lc'2c? 80
MIJTHTIOH; MicRDORGfiNi sns; s. CEREVISIRE; YERSTS
J..IIHD8 Jf1Cl« Journal of the National Cancer
Institute. b2«901»79
^IIJTRT I OM ? M I T 3T I C PECGMB I NRT T DH ? S . CE3E V I S IflF
VFR5.TSJ1

TCX1C DflTrt SOURCE
TOXDRTR Kt I'M

Ml iRfc Rv fiut at i on Research . 3 0 > £65 > 8 1

TOXIC D^H iO'JRCF
TQXDRTR KEYWORDS

TDX1Q DRTR SOURCE
3

TDXD3TR KEYWORDS

TOXIC n^TR SUUR-CF
TOXDflTR KEYWORDS

THXJC DrtTH SOURCE
TDXDRTR KEYWORDS

TDXIC HHTft SOURCE
TDXDRTR KEYWORDS

TDXIC DRTR SOURCE
KEYWORDS

TDXIC DRT^ ;GJRCF
TOXURTR KEYWORDS

Tax ic

10

2CIERS Science. 209s- 293? 3fi
MUTHTIDH;SPECIPIC LUCUS; MOUSE; RODENTS
IMTRRPERITOMERL;£O ms^ks
RIPURM R^chjvio Italiano di Pstolosia e-
Clinica dei Tumor i. ll»£3»68
MUTHTI OH ;CYTOGEHETICS;RRT; RODENTS
INTRRPERITaHERL;300 m^xkg
1UXERV Mutation Research. 74»77»30
PIUTRT I OM » M I CRDNUCLEUS ! MOUSE 5 RODENTS ;

RPZNRD Rrzneimittel-Forschuns. £9»187l»79
MUTRT i DN; MI CRDNUCLEUS; MOUSE; RODENTS
INT-'R^E^ITONE^L > 900 U3Xk<=>
flURtRV Mutation Research. 59> *•:.!« 79
rillTRTIOM;METRBOLIC RCTIVRTIDN; MOUSE; RDDF.NTS
LYMPHOCYTE; SOMRTIC CELLS; soo U^/L^M
riURbflV Mutation Research. 46 » £18*77
Ml ITMT I OM 5 SPEC I F I C LL1CUS ? MOUSE ; RODENTS
INTRRPERITOMERL;600 m«»/k9
•HRTOI'M Rr^cniyes of TDxicolD?^. 45«1S3»30
MI ITRT i or<; SPECIFIC LUCUS; MOUSE; RODENTS
I C I ERS Sc i € nee . 2 0 3 j 293 » 3 M



KEYUORDS

TDXIC DHTH SOURCE

<E Y

i an ; SPEC i c i c LOCUS ; MOUSE ; RODENTS ; OPRL ; £• n

rn.XlC DRTR SO LI ROE
TDXHR7 R KE YWOPDS

T OX 1C DRTR i: Q U R C E
TDXDRTR K E Yi.iOR DS

TDXIC DHTR SOURCE

TOXDRTR KE YWORDS

TOXIC DRTH SOURCE
TOXfiRlR KEYWORDS

TOXIC DRTR SOURCE

roxic DRTR SOURCE
TOXDRTR KEYWORDS

TOXIC DRTR SOURCE

OX 1C DRTR SOURCE
Kfc YWORDS

TDXBflTR KEYWORDS

£D'JP.CF
TOXDR1R KEYWORDS

iOURCF

R KEr'WGRD.S

TJX 1C DRT-H SDJKCF
TDXDRTR KEYWOPDo:

F D X I C
TDXDR1R KEYWORDS

It' •?

••in TRT i ON; SPECIFIC LOCUS; MOUSE; RPDFMTS
INT^VEMDUSjfiO »r.3rxks«
EFSRDV Ecotoacolosv «n.̂  Environmental

N; spfciFic tac .is; MIU:E; RODENTS? UNK--<D'...IN
1 fl ITi3'''k«i

RPZNRD R^zneiiriitte l-Forsrchuns.
ON J CYTQGEHET ICS5 MOUSE 5 RODENTS

TDNERL; 100 mpxk-g
MlJRfc RV nut at i on Rese arch . ?4 . 7? , 3 0
MI ITRTIOM; CYTCJGEHETICS; MOUSE; RODENTS; lJf^kr^o^^r^
5l"l rTi3XK<»

>lUrHTIOn; SISTER CNPHMRTID EXCHRHGF; MOUSF
RDDErn s; UNKNOWN; so ir.3-- kg
JTEHD6 Journal of Toxicoloss and
EriMironr»i«ntsl H*=-aJth. ?! t£&7«3c
MIITRTIONJSISTER CHRDMRriD EXCHRHGF ? MOl iSF
RDDtNTS; INTRRPEPITONERLiS'OO m^xk*,
MliRtRV Muration Re-search. £*» £35» 74
•••IUTRTIDN; DDMIHRHT LETHRL; MOUSE; FOMENTS
INTPRPERITONERL; coo m^xkg
EEi'RDV Ecotoxicoloav *no En'.'ironrnent 3]
Surety. 3» 1 e'E1.' 79
Ml iTRTI ar-i; DOMINANT LETHRL J MOUSEJ RODENTS
.' H K M U WN ; 1 0 0

MURE RV Mut at i on Research . 59 » 6 1 ? 79
"U ITRT I ON J MRMMRL I RH CELL ; MOUS E «' RODENT S
LYtlPHDCYTE.SOMRTIC CELLS? 700 p.3xLx4H
JJlNDS -iNCIj Journal of the National Cancer
Institute. fc'.2»911j79
MJTRTION; HOST MEDIRTED; MOUSE; RODENTS; s.
T Y&H I MUR I UM ; ERCTEP I R » 1 £5 rr.9^ k-=>
MLiRERV Mutation Research. 5^.»l»i'ft
MI ITHTION; SPERM MORPHOLOGY; MOUSE; RODENTS
UNKNOWN; 200 ms/'kg
CNRER3 Cancer Researcn. 42? !££? 3?
MUTHTION'SPERM MORPHOLOGY; MOUSE; RODENTS
INTRRPERITONERL; iso ms^kg
••URE^V MJtation Research. 74>77«30
MUTRTION5METREOLIC RCT I VRT ION; HRMSTER: RODENTS
Ll INL-. 5 SOMRT I C CELLS » 5 0 U umo 1 XL
EBRCRQ Biocnimica et Biop-nysica Ret a.

ON; D'<R IMMRGE; HRMSTER; RODENTS ; --.IDNEY
SOMRTIC CELLS; £? 3m,- L
MLIRERV Mutation Research. 74 > 77 • -30
MLiTHT I ON? CYTOGENET ICS; HRMSTER; RODENTS; OVRRY
I HMR T I C CELL i « £5 mmo 1'L
3C-2NRD RrzneiTii tte]-Forrcm,n«». E^nli^l'T1^
-•1llTRTIOr<; SISTER CHROMRTID EXCHRNGF; HRMSTER

S; INTPRPEPITONERL; 10



TDK 1C DRTR SOURCE
TOXDRTR KEYWORDS

F 2 X I C
TDXI'RTR KEYI.iQPD

T3XIC
TDXI'Rl R KtYl.'OPDi

TOXIC DHTH SOURCE
FDXDR.T R KEYWORDS

TDX 1C HHTR SOURCE

TPXJiRTft KkYMQPDS

Tnxic IIRTH SGURCE
TQXIiRlfl. KEYWORDS

FDXIC Ii=lT-=l SDJPCF
fCXDRTft KEYWORDS

••l.'iRfcRV Mutation Research. 74. 77, 50
MI.ITRT 1 DH J S IS FER CHRDMPTl D EXCHRNGE ;
F PDF. N i s ; QVRP Y ; SCMRT i c CELL s ; 5 n
'jffio 1 --''L
•11 .ITHTIDM; SISTER CHRDMPTID EXCHRHGE; HRMSTEP
RH DE NTS ; UNKHG'.iri ; 25 m-sx k«»
RP.TDDN Rrci-iiv€=: of Toxicolos^. 4t.« 13?. 5ft
II ITRT I QN ? DNR SYNTHES ISJ PflEE I T ? RDDEMTS
Itv.TPRVErjDUS; 5 •n-vk'Si
RDTrhS Hd-vanc-= ? in T<=- =itolo3^. ?? 181 » -" -ft
I NTPRF EF I TOr^E^-L ; RRT5 RCDENTS 5 TDLo 5 £5
Traxka,- •; Fr •= 3> : FDXIC EF^F CTS ; TE RR TCGFN I C
CNRERS Cancer Research. 4c'» !£:£:> 8c"
IHTPRPEPITDr-iERL? i-IDUSE; RDDEMTS: TDLoJ ?3 m<=>/k*
< t D male.); TCX 1C EF FE CT S S REPPOFUJCT I VE » PRTEPNRL
FFPPR7 F^.^erstion Prorecrjmgsii Feeder at- ion or
•^mer i can Soc i € t i e =: 1= or Exper i rr«»nt s 1 E i o 1 o =«s .

SUECUTR^EDUS ? MOUSE » PDPEHTS j T DLo ! £ 0 n. 3^ k =. •: 1 ,-Ti
= re?> :TDXIC Ic-ccT3

H^rnc imir te l-Fr-r«-churi'3. E'O. 14A1 , 70
I HTPRVEf iOUS » RR T ; C'DDE!STS « THi_o • 1 £5 0 m<=ix k =.,- 1 Y- 1
FHXI C EFFECT S? CRRCINQC-.ENIC
IRRCCD IRPC scientific Publ i rat ions. 4,92,7:;:
INTF-'RVENOUSJRRTJRDDEMTSvTDLo; 1 £5 n,<3/*<=> <2cTi
^re-?> ? TOXIC EFFECTS SeCJUlVOCRL TUMOPIGEHIC
HHENT;EI;IIJI VDCRL TUMDRIGENIC RHEHT
-•FRPOHUCTIVE; Turiap;cEMTRHL MEPVDUS SYSTEM
rttMOP

TOXIC DHFH SOURCE

TDX1C IJHTH SQURi. E
KEYMORDS

T3XIC PHT3 SO'JPCF
FDXDRTFI KtYl.lQPDS
TDXIC DRTR VOIJRCE
TDXIiRTfl KEYMDF'DS

JNC1RM Journal of the National Cancer-
Institute. 53>4c!3<>77

R I TDHE =IL J MOUSE ? PDDENTS 5 TDLo 5 1 2 0 0
1-1 ; TOXIC EFFFCTS;NEOPLRSTIC

CfiNCflP Cancer. 40-. 1950* 77
ORRL5 MONKEY; ; TDLO; 7 9mxksx7v-i ; TOXIC EFFECTS
E^UIVOCRL TUMDRIGEMIC Rif-EMT
RR2HRD Rrznei-nj tts-l-Forschung. £Ti, 1467, 7i"i

Cf<r:tR8 Cancer Research. 4r'» !££>&£'
IHTPRPEPITONERL; MOUSE? RODENTS; LDSO; eoo
TPXIC EFFECTS; BEHRVIOPRL SYMPTOMS
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SECONDARY SOURCE ID
CAS TYPE 1 NAME
CAS REGISTRY NUMBER
CLASSIFICATION CODE
CLASSIFICATION CODE
TOXICOLOGY/CANCER REVIEW

TOXICOLOGY/CANCER REVIEW

TOXICOLOGY/CANCER REVIEW

L

STANDARDS/REGULATIONS

NIOSH CRITERIA DOCUMENT

STATUS

STATUS

SYNONYMS
SYNONYMS
SYNONYMS
SYNONYMS
SYNONYMS
SYNONYMS
SYNONYMS
CHEMICAL DEFINITION

ENTRY MONTH

TOXIC DATA SOURCE
TOXDATA KEYWORDS

TOXIC DATA SOURCE
TOXDATA KEYWORDS

NIOSH/TQ1360000
POLYCHLORINATEO BIPHENYL (AROCLOR 1254)
11097-69-1
TUMORIC-EN
TERATCSEN
CARCINOGENIC DETERMINATION:HUMAN SUSPECTED
IARC*» IARC Monographs or> the Evaluation of
Carcinogenic Risk of Chemicals to Man.
18,43.73
TLV-TMA 500 ug/m3; STEL 1 mg/m3 (skin) DTLVS*
"Documentation of Threshold L i m i t Values for
Substances in Workroom Air," Cincinnati,
OHio. American Conference of Governmental
Industrial Hygienists, 1971 4,69,60
TOXICOLOGY REVIEW EVHPAZ Environmental Health
Perspectives, DHEW Publication No.
1.105.72//ARVPAX Annual Review of
Pharmacology. 14,139,74/VRHEVAH Residue
Revieus. 44,1,73//STEVA8 Science of the Total
Environment. 2(41,305,74//BISNAS BioScience.
20,953,70
OSHA STANDARD-eir'.TWA 500 ug/«<3 (skin)
(SCP-I) FEREAC Federal Register. 39,23540,74
C3IT DOC. OCCUPATIONAL EXPOSURE TO
POLYCHLORINATED BIPHENYLS recm std-aip:TWA
1.0 ug/m3 NTIS«» National Technical
Information Service.
NCI CARCINOGENESIS BIOASSAY COMPLETED;RESULTS
INDEFINITE:RAT (NCITR* Nci-CG-TR-38,76)
"NIOSH MANUAL OF ANALYTICAL METHODS" VOL 2
S121
NIMAM*
AROCHLOR 1254
AROCLOR 1254
CHLORIERTE BIPHENYLE, CHLORGEHALT 54X (German)
CHJ.ORODIPHENYL (54X CD
CLORODIFEN1LI, CLORO 54X (Italian)
DIPHENYLE CHL05E, 54X DE CHLORE (French)
NCI-C02664
Composed of 11X TETRA-, 49X PENTA-, 34X HEXA-
and 6X HEPTACHLORODIPHENYLS FCTXAV Food <
Cosmetics Toxicology. 12,63,74
0201

FCTXAV Fcod * Cosmetics Toxicology. 12,63,74
ORAL;RAT;RODENTS;TDLoiiea i-.q/kg (MGN);TOXIC
EFFECTS;REPRODLICTIVE;NEUBORN EFFECTS
0?AL;RAT;RODENTSiTDLo;645 mg/kg (MGN);TOXIC
EFFECTS;REPRODUCTIVE;NEWBORN EFFECTS
FCTXAV Food t Cosmetics Toxicology. 11,471,73-"
03AL;RAT;RODENTS;TOLo;90 wg/kg I7-15D preg)
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TOXIC DATA SOURCE
TOXDATA KEYWORDS

TOXIC DATA SOURCE

TOXDATA KEYWORDS

TOXIC DATA SOURCE

TOXDATA KEYWORDS

TOXIC DATA SOURCE

TOXDATA KEYWORDS

TOXIC DATA SOURCE
TOXDATA KEYWORDS

TOXIC DATA SOURCE

TOXDATA KEYWORDS

TOXIC EFFECTS;REPPODUCTIVE;DEVELOPMENTAL
EVPHBI Environmental Fliysiolcqy. 1.67,71
ORAL;RABBIT;ROOENTS;TDLo;350 mg/Kg (1-250
preql'.TOXIC EFFECTS'.REPRODUCTIVE FERTILITY
EHBRYOTOXICITY

NCITR" National Cancer Institute
C.-irclnoaanesis Technical Report Series.
NCI-CG-TR-33,78
OSAL;RAT;RODENTS;TDLo;4 gw/Kg/2Y-I ;TOXIC
EFFECTS;EQUIVOCAL TUMOSIGENIC AGENT
JNCIAM Journal of the National Cancer
Institute. 53,547,74
03AL:KOUSE;RODENTS;TDLo;17 gm/Kg/48W-C '.TOXIC
EFFECTS'.NEOPLASTIC

BECTA6 Bulletin of Environmental
Contamination ft Toxicology. 18.552.77
SKIN;MOUSE;RODENTS;TDLo;4 mg/Kg ;TOXIC
EFFECTS'.EQUIVOCAL TUMORIGENIC AGENT

FCTXAV Food ft Cosmetics Toxicology. 12,63,74
ORAL;RAT;RODENTS;LD50>1295 mg/Kg
INTRAVENOUS; RAT; RODENTS; L050', 358 mg/Kg

BECTA6 Bulletin of Environmental
Contamination t Toxicology. 8.245,72
INTRAPERITONEAL;nOUSE;RODENTS;LD50;2840 mgAg

L-

L

L
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1 NAME OF SUBSTANCE
MOLECULAR FORMULA
CAS REGISTRY NUMBER
TDD NUTTER
SYNONYMS
SYNONYMS
SYKOSYM5
SYNONYMS
MAJOR USE

MAJOR USE

MAJOR USE

MAJOR USE

MAJOR USE

MAJOR USE

MAJOR USE

MAJOR USE

MAJOR USE

ANTIDOTE I TREATMENT

AROCLOR 1260

.ANTIDOTE 1 TREATMENT

ANTIDOTE t TREATMENT

11096-32-5
1822
A50CHLOP 1260
PCS 1Z60
CHLCROOIPHENYL (6CX CD
KANECL03
S3I DIELECTRIC FLUID IN CLOSED ELECTRICAL
SYSTEMS
IAKC rCNOCRAPHS VIS 56 CURRENT END USE:
TSAKSFCRMIERS; FORMER END USE: HYDRAULIC
FLUIDS, SYNTHETIC RESINS & OEOUSTIN3 AGENTS
KAWLEY. COIOENSEO CHEM DICTir?Y 9TH ED 7<t
IMPREGNATING AGENTS FOR ELECTRICAL APPARATUS;
THERMOSTAT FLUIDS /AROCL03/
KAULEY. CCS'DENSED CHEM DICnm 9TH ED 74
SWELLIK3 AGENTS FOR TRANSMISSION SEALS'.
ADDITIVES CR CASE FOR LUBRICANTS, OILS *
GREASES /AHOCLOR/
KAULEY. CONDENSED CHEM DICTNRY 9TH EO 74
PLASTICIZCRS FOR CELLUL05ICS, VINYLS, t
CHLC'INATcO RUQBER /AROCLOR/
HAMILTON. INDUS TOX 3RD ED 269 CABLE
INSULATION; SURFACE COATINGS FOR PAINTS.
PLASTICS, t VARNISHES /PCB/
HAMILTON. INDUS TOX 3RD ED 289 IN CUTTIN'S
FLUID ADDITIVES, < CARBONLESS COPY PAPER
SYSTEMS /PCB/
HAHLEY. CONDENSED CHEM DICTKRY 9TH ED 696
TKEIR CHIEF USE IS IN HEAT-EXCHANGE t
INSULATING FLUIDS IN CLOSED SYSTEMS /PCS/
GOSSELIM. CTCP 4TH ED II-11S /FOSKE3LY/ AS
FIRE RETAnDANTS & VAPOR SUPPRESSORS TO
FSOLONG RESIDUAL LIFE OF SOME PESTICIDES /PCB/
RUIIACK. FOISIKDEX MGMNT 1 INITIAL PT
CONTACT— GENERAL: D ESTABLisKMEfn- OF
RESPIRATIÔ .'S i CREATION OF ARTIFICIAL AIRWAY
IF NECESSARY. OiECK ADEQUACY OF TIDAL VOL...
2) TREAT HYPOTENSION WITH FLUIDS OR PLASMA-
TSY TO AVOID VASOFHESSCSS IF POSSIBLE.
/SENE3AL POISONING/
RUMACK. POISIK3EX MCMNT 1 SPECIFIC TUCRAPY:
EMESIS: 1) ...ALTHOUGH VOMITIKG KITH SYRUP OF
IPECAC PRODUCES ONLY MEAN RECOVERY OF 30,'i OF
INVESTED DOSE. IT IS STILL P3C3ABLY A USEFUL
FSOCCCURE. SAVE INITIAL EMESIS FCR ANALYSIS.
/GENERAL POISONINS/
PUTIACK. POI3INOEX MGMNT 1 LAVAGE. . ,/PRC: TAP
UATER IN CHILDREN SALINE IN ADULTS/.
CIU-COAL: 3) MANY AGENTS ARE ADSORBED BY
ACTIVATED CHARCOAL. ...DOSE: .. .5-10 TIMES
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PAGE

ANTIDOTE I TREATMENT

ANTIDOTE * TREATMENT

COLOR/FORM

SOLUBILITY
SOLUBILITY
SPECTRAL I OTHER PROPS

SPECTRAL t OTHER PROPS

TOXICITY VALUES

TOXICITY VALUES

TOXICITY VALUES

TOXICITY VALUES

TOXICITY VALUES

TOXICITY VALUES

TOXICITY VALUES

TOXICITY VALUES

.MANUFACTURING INFO

MANUFACTURING INFO

EST WT OF...CHEH INVESTED. /GENERAL POISONING/
KUMACK. POISIMDEX MGfJJT 1 CATHARTICS: <•)
...SODIUM OR MAGHESIL71 SULFATE 250 KG/KG
C3ALLY... AOULT: 20-30 G/OOSE TO 100 G TOTAL.
DECONTAMINATION: si SAFEST DECONTAMINANT is
IUTER IJITH SOAP. ... SKIN DECONTAMINATION
SHOULD 3E THOROUGH. EYE EXPOSURE: 6)
.../IS3ISATIGN OF EYES/ SHOULD OCCUS AT HOME
CS AT KOSK MITH PLAIN TAP WATER. /GENERAL
POISGNIN3/
RUMACK. POISINOEX MGMMT 1 DIALYSIS: 8) ...MAY
BE CONSIDERED IM THOSE PT NOT RESPONDING TO
STD THE3APEUTIC MEASURES TO TREAT A
DIALYZiELE DRUG. /GENERAL POISONING/
HATER-WHITE KCSILE LIQUIDS t PALE YELLOW
VISCOUS OILS TO LIGHT AM3ER RESINS t CPA5UE
CRYSTALLINE SOLIDS /AROCL03/
SOL IN OILS I OSG SOLVENTS /PC3/
SOL IN I1ATER 3 0.04-0.2 PPM /PCB/
IASC MOtiOSSAFHS Via 49 /HIGH/ THERMAL
STABILITY; RESISTANCE TO OXIDATION, ACIDS, t
OTHER CHEM AGENTS /PCS/
IARC MONOGRAPHS V18 49 EXCELLENT DIELECTRIC
(INSULATING) PROPERTIES /FCB/
NIC3H. REG TCX EFFECT CHEM SUB 197S 1002 LD50
RATS ORAL 1315 MG/K5
NIOSH. REG TOX EFFECT CHEM SUS 1978 1002 TOLO
RATS CRAL 1320 MS/KG/35 WEEKS CCMTIWUOUS;
TOXIC EFFECTS: NEOPLASTIC EFFECTS
IARC MONCSRAFKS Via 69 LD50 RATS CSAL 10,000
MG/KG EOOY WEIGHT, ADMIN OF BOX SOLN IN CCRH
OIL
IARC MONOGRAPHS V18 69 LD50 RATS ORAL
4COO-10.300 MG/KG BODY WEIGHT, ADULT RATS
IARC MONOGRAPHS V18 69 LD50 RATS ORAL 1300
MG/KG BODY WEIGHT, MEANLIN5 RATS
IARC MONOGRAPHS V18 69 LD50 RAB3IT3
PERCUTANEOUS 1500-2000 MG/KG BODY WEIGHT,
AOMIN CF BOX SOLN IN CORN OIL
MIOSH. REG TOX EFFECT CHEM SUB 1978 1002 LDLO
RABBITS PERCUTANEOUS 2000 MG/KG
HDBK OF TOX OF PESTICIDES TO UILDLIFH 1970 20
1050 MALLARDS ORAL GREATER THAN £000 MS/KG.
(SEX: MALE; AGE: 10 MONTHS)
NIOSH. REG TOX EFFECT CHEM 5UB 1976 1002
COMPOSED OF 12X PENTA-, 3CX HEXA-, <UX
HEPTA-, 8X CCTA- a IX NONACHLCaOBIPHEHYLS.
IA3C MCBGHAPHS V18 4S AROCLOR httlBER
OE3IGMAT:C»« CCMSIST OF TWO PARTS: THE FIRST
TWO DIGITS, 12, INDICATE THAT THE MOLECULE IS
A DIPHENYL... THE SECOND TWO DIGITS.../60/
REPRESENT APFROX WEIGHT PERCENT OF CHLORINE
IN THE PPOOUCT. /AHOCLC3/
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MANUFACTURING INFO

MANUFACTURING INFO

MANUFACTURING INFO

MANUFACTURING INFO

MANUFACTURING INFO

MANUFACTURING INFO

MANUFACTURING INFO

POISONING POTENTIAL

POISONING POTENTIAL

POISONING POTENTIAL

POISONING POTENTIAL

IARC MONOGRAPHS V10 54 TOTAL US SALES IN
1970 CG'JNTED TO 33.2 MILLION KG I
COMPRISED...£.2 MILLION KG AROCLOR 1260...
IASC HOKOSRAPHS V18 7* APPLICATIONS: PCBS
A.7E WIDELY USED AS ENZYME IKOUCCSS IN
RESEARCH LAB03,VrC3IES THROUGHOUT TKE l!CRLO.
THERE ARE INDICATIONS THAT CHLCSIMS CONTENT
OF PC3 MIXTURES IS RELATED TO LEVEL OF IIXR
ENZYMATIC ACTIVITY: MIXTURES CCSTAINIUS L011ER
PERCENTAGE OF CHLORINES UERE LESS ACTIVE THAN
THOSE CONTAINING HIGHER PERCENTAGE. /PCB/
IASC MONOGRAPHS V13 84 ALMOST WITHOUT
EXCEPTION, POLYCHLORIIUTEO BIFHENYLS CONTAIN
VARIOUS LEVELS OF POLYCHLORINATEO
DIOCNZOr'JRANS AS CONTAMINANTS... IT IS NOT
XKCU-N IF t TO WHAT EXTENT POLYCHLOTIXATED
OICENZOFURANS PLAY A ROLE IN THE OBSERVED
CARCINOGENIC EFFECTS OF PCBS. /PCB/
GOSSELIN. CTCP 4TH ED 11-115 ...THE AVERAGE
ItOLECULE IN AROCLC9 1260 HAS 6 SU5STITUENT
CHLORINES. BUT VARYING PROPORTIONS OF SPECIES
WITH GREATER * LESSER HALOGEN CCJfTENT ARE
FOUVa I!l THE MIXTURE DEPENOIKS ON THE
MANUFACTURING PROCESS.
HAWLEY. CONDENSED CISEM DICTNSY 9TH ED 696
BECAUSE OF THEIR PERSISTANCE t ECOLOGICAL
CAMAGc FROM MATER POLLUTION THEIR MANUFACTURE
HAS BEEN DISCONTINUED IN THE US (1976). /PCB/
HAMILTON. INDUS TOX 3RD ED C&9 PREPN: ...FROM
DIPHENYL t NAPHTHALENE WHICH CAY BE REACTED
TO VARYING DEGREES IIZTH CHLORINE TO PRODUCE A
NUMBER OF CCMPO DESIGNATED BY VARIOUS TRACE
NAMES SUCH AS AROCLOR... /PCO/
PRC AROCLOR 1200 IS THE FORMULATION USED
MOSTLY IN LS.R5E CAPACITORS t TRANSFORMERS.
FEDERAL REGISTER, AUG 1979.
IARC r-ONOSRAPHS Via 84 POLYCHLORIKATED
BIPtiENYLS SHOULD BE REGARDED AS IF THEY HERE
CARCINOGENIC TO HUMANS. /FCB/
GOSSELIN. CTCP 4TH ED 11-115 TOXICITY SATING:
3t?l. 3^ MODERATELY TOXIC: FRCBABLE ORAL
LETHAL DCSE 0.5-5.0 G/KG, OETUHEN 1 OLT^E t 1
PINT (OR 1 IB) FOR 70 KG PERSON (150 LB).
/PCS/
HAMLEY. CONDENSED CIIEM OICTKRY 9TH ED 74
HAZARD: MAY BE TOXIC BY IKGESTICN t
IKHALATICN... /A30CLOR/
t&C. CRIICUNS MATER t HCALTH 1977 760 FOR THE
PCB ARCCHL09 1260 3 CCtlOJ OF 1 UG/L (Q= 1)
THE PROJECTED RISK FOR MAN IS 2.2X10-6 Q. THE
L'P?E9 95X CONFIDENCE ESTIMATE CF RISK » THE
SAME CO.S-CH IS 3.1X13-6 0. IT SHOULD BE NOTED
THAT THIS EXTRAFOLATICN IS EASED CN A ONE-HIT

u
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POISONING POTENTIAL

POISCNIN3 POTENTIAL

EKV/OCC EXP I LIMITS

EKV/OCC EXP t LIMITS

EHV/OCC EXP t LIMITS

ENV/OCC EXP t LIMITS

ENV/OCC EXP t LIMITS

ENV/OCC EXP & LIMITS

ENV/OCC EXP I LIMITS

POLLUTION POTENTIAL

MATHEMATICAL MODEL WHICH MAY Bt UWAL1D f«
THIS CHEMICAL.
IARC MONOGRAPHS V18 70 SUSCEPTIBILITY TO
TCXICITY IN MAN: HIGH. /FCB, FROM TABLE/
K3C. DRINKING WATER t HEALTH 1977 79*
CATEGORIES OF KSOl!N CR SUSPECTED ORG CHEM
CARCIKC5ENS FO'JNO IN DRINXIKG WATER: HIGHEST
OBSERVED CONCH IN FINISHED HATER: 3 US/L;
UPFE.9 95X CONFIDENCE ESTIMATE OF LIFETIME
CANCER RISK: 3.1X10-6 US/L. /FROM TADLC/
IACC MONOGRAPHS V18 58 OSHA HEALTH STD
REQUIRE...EMPLOYEE'S EXPOSURE TO PC8S
CONTAINING 42X CHLORINE SHALL 3 KO TItlE
EXCEED AH 8-H3 TIME-WEIGHTED AVERAGE OF 1
MS/CU M, t EXPOST : TO PC3S CCNTAIMING 54X
CHLORINE SHALL NO. EXCEED AN 8-HR
TIME-WEIGHTED AVERAGE OF 0.5 HG/CU II OVER ANY
8-HR SHIFT OF A 40-H3 WOSK KEEK. /PCB/
IA3C MONOGRAPHS V18 59 /I APRIL 1977, USDA
TOLERANCE LEVELS/...IN MILK t CAIRY PRODUCTS
(FAT BASIS)...1.5 US/6; IN POULTRY (FAT
BASIS)...3 UC/G; IN ERGS...0.3 UG/G; t IN
FISK i SHELLFISH...FINISHED AHIMAL
FEED...ANIMAL FEED COMPONENTS.../*/...INFANT
t JUNIOR FOODS: O.Z U3/G...PAPER
FOOO-PACKAGIIJG MATERIALS WITHOUT
PCB...BARRIER, 10 UG/G. /PCB/
IAPC MONOGRAPHS V18 60 IT HAS BEEN ESTIMATED
THAT 12,000 PERSONS IN THE US ARE
CCCUPATIONALLY EXPOSED TO PCBS. /PCB/
IARC MONOGRAPHS V18 62 /IN 1972/...SURVEY OF
AGRICULTURAL SOILS THROUGHOUT US...ONLY 0.1X
SAMPLES CONTAINED DETECTABLE LEVELS Or PCB'S.
Ill URBAN AREAS. FREQUENCY t, LEVELS.. .WERE
HISHER: 12 OF 19...SAMPLES FROM METROPOLITAN
AREAS (63X) CHOHED DETECTABLE LEVELS. /FCB/
IARC MONOGRAPHS V18 62 ...FISH, CHEESE t
BY-FROOUCTS USED IN ANIMAL FEED WERE THE MAIN
COr.MQDITII:S IN US THAT WZRE CONTAMINATED WITH
PCB'S. THE PCB CONTENT OF ALL FOCD ITEMS
EXCEPT FISH DECR BETWEEN 1971-1975: IT WAS
ESTIMATED THAT THE FCB CONTENT OF A TEENAGE
BOY'S DIET WAS 15 US/DAY IN 1971 t 8.1 US/DAY
ON 1975. /PCB/
IARC MONOGRAPHS V18 61 A NATIONAL SURVEY
CONDUCTED IN US SHOWED THAT PCB LEVELS IN
UNFILTE3EO MATER SAMPLES DURING 1971-197*
RANGED BETWEEN 0.1 t 3.0 U3/L. /PCB/
IAKC MOS-OGRAPHS V16 f* HUMAN EXPOSURE TO
SIIALL AMT OF PCB'S IS UIDESPSEAO AS A RESULT
GF ENVISONMENTAL CONTAMINATION t HIGH
STABILITY OF THESE COMPD. /PCB/
I.'J?C MONOGRAPHS V18 52 PHOTOCHEMICAL
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CLASS. BY MAJOR USE
U.S. PRODUCTION
U.S. PRODUCTION
U.S. IMPORTS
U.S. IMPORTS
U.S. EXPORTS
U.S. EXPORTS
U.S. METHOD OF MANUFACT

CONSUMPTION PATTERN

MANUFACTURERS

ABSORP/OISTRIB/EXC3ETE

ABSCRP/DISTRIB/EXC3ETE

ABSORP/DISTRIB/EXCRETE

ASSOR P/DISTRIB/EXCR ETE

ABSORP/DISTRia/EXCRETE

ABSORP/DISTRIB/EXCRETE

METABOLISM

SRI (1974)
SRI (1972)

DEGRADATION MAY 3E ONE ROUTE OF THEIR
EftEAKDOI-'N IN THE ENVIRONMENT: PHOTOCHEMICAL
EXPERIMENTS CONDUCTED LIDER SIMULATED NATURAL
COHOITIGSS CN...COr?1ERCIAL PCB PREPARATIONS
HAVE IiniCATED SEVERAL DEG3ADATIVE REACTIONS,
SUCH AS OcCHLORINATICN. POLYMERIZATICM t
SO'.VOLrSIS. /PCD/
SRI DIELECTRIC FLUID
£31 (1972) 1.1-1.4X10*10 WAMS

.63X10*10 GRAMS

.6X10+G GRAMS
SRI (1976) 1.3CX10+6 GPAMS
S3I (1971) '«.4XU+9 GRAilS
SRI (1974) 2.4X10+9 GRAMS
531 CHLORINATION OF BIFHCNYL WITH AN IRON OR
FERRIC CHLORIDE CATALYST
SRI 100X AS A DIELECTRIC FLUID IN CLOSED
ELECTRICAL SYSTEMS (1973)
SRI MOSSANTO CO, KONSANTO INDUST CHEMS CO,
SAUGET. ILL
HAULEY. CONDENSED CflEM D1CTNRY 9TH ED 74
...ABSORBED DY SKIN. /AKOCLOR/
IARC JtOK-OGRAPHS VIS 63 OUR INS MARCH 1964 AND
FED3UA!?Y 1970, 48 OF 169 GOLDEN EAGLES FROM
ZZ STATES WERE FGUKD TO CONTAIN PC3S IH
EIT1I3R CRAlri, HEART, KIDNEY, LIVE?, MUSCLE OR
FAT, IN COKCN RANGING FROM LESS THAN 1 TO 19
UG/G ON A WIT BASIS. /PCS/
IARC KONOSRAFHS VIS 63 /IN 1970/. ..200 ft 630
UG/G PCES /KCRE REPORTED/ IN SAMPLES OF
KUMtUN FAT. /IN 1972/. . .115-160 UG/G IN
ADIPOSE TISSUE, 250 U6/G IN LIVER t 125 UG/G
IK KIDNEY (ALL ON FAT BASIS) /WERE REPORTED/
IN ONE AUTOPSY CASE. /PCB/
IASC MONOGRAPHS V18 64 /IN 1970/...THE MEAN
PCB LEVEL IN HUMAN MILK IN TWO CALIFORNIA
CITIES HAS ABOUT 0.06 UG/ML OF WHOLE MILK.
... ANALYSIS OF LIPID FRACTION OF 80 SAMPLES
OF HUMAN MILK FROM VARIOUS AREAS OF US SHOWED
THAT ALL EXCEPT 2 HAD CONCN. . .FROM 0.4-10.6
UG/G. THE AVERAGE CONCN IN ALL SAMPLES WAS
APPROX 1.7 UG/G. /PCB/
IARC MONOGRAPHS VIS 65 FC3TY-THPEE PERCENT
OF 723 PLASMA SAMPLES FROM PERSONS IN SOUTH
CAROLINA tm OCCUPATIOCALLY EXPOSED TO
PESTICIDES WERE FOUND TO CONTAIN FCBS, WITH A
MAXIM-JM OF 0.029 US/ML. /PCB/
ARENA. POISONING 4TH ED 115 PCB CONTAMINATION
IS rCWO TO BE ALMOST UNIVERSAL, INCLUDING
HUMAN MILK. KUMAN ADIPOSE TISSUE, * BRAIN ft
LIVER OF SMALL CHILDREN. /PCB/
HSC. D2IHKIN3 WATER ( HEALTH 1977 757 THE
DEGRADATION < ELIMINATION OF PCB CONGENERS
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ANIMAL/NON-HUMAN TOX EX

ANIMAL TOXICITY KEYWORDS

ANIMAL/NON-HUMAN TOX EX

ANItUL TOXICITT KEYWORDS

ANIMAL/NON-HUMAN TOX EX

ANIMAL TOXICITY KEYWORDS

ANIHAL/NON-HWAN TOX EX

APPEAR TO TAKE PLACE VIA HEPATIC MICRCS3MAL
ENZYME SYSTEM. TWO POSSIBLE MECHANISMS FOB
BIOTRAI4SFORMATION HAVE BEEN S'JSGtSTED.. . THE
FISST I MOST RAPID...INVOLVES FORMATION OF AN
ARcHE OXICE INTERMEDIATE... THE SECOrB I MUCH
SLOWER USES A DIFFERENT HYCROXYLATICN
SYSTEM... /PCB/
1C0130COMPLETE WITH PEER REVIEW COMMENTS
INCORPORATED

IARC HOLOGRAPHS Via 67 GROUPS OF 10 MALE I
10 FEMALE 3-4-U'EEX-OLD SHERMAN RATS MERE FED
0, 20, ICO. 500 OR 1000 MG AROCLOS ICiO/KG
DIET... SEVERAL...GIVEN THE TW HIGHEST DOSE
LEVELS DIED BEFOSE 6 MO.
...LESIOSS...DESCRIBED AS ADENOFISROSIS OF
LIVER OCCURRED IN Z MALES FED 1COO I1G/KG t IN
1, 1 AND 4 FEMALES FED 100. 500 AND 1000
f.S/KG...
CltRONIC;HATS;SHEnMAN;OPAL; LIVER; LIVER
NEOPLASMS; ADENOFIBROMA-.CARCIKOGEUESIS
CHROMIC;RATS;SHERMAK;ORAL;NO;DEATH
IARC MOTIOGRAPHS Via 67 ...200 3-4-VIEEK-OLD
FEMALE SHERMAM RATS V!ERE FED... 100 f,G AROCLCR
U60/XG...FOR 21-22 M0> 200 FEMALE RATS...AS
CONTROLS. ... 26 Or 184 EXPOSED...HAD
HEPATOCELLULAR CARCINOMAS, t 144/164 HAD
LIVER LESIONS DESCRIBED AS NEOPLASTIC
KODULES. 1 UEPATCCELLULAR CARCI^MA t NO
NEOPLASTIC NODULES MERE OBSERVED AMOMG 173
CONTROL RATS.
CliSONIC! R ATS ;SHERMAN'. OP AL; LIVER; LIVER
NEOPLASMS;HEPATOMA;CARCINOGENESIS
IARC MONOGRAPHS Via 68 RATS FED
AROCLOR...1260 FOR a MO...SSOUEO LIVER-CELL
HYPERTROPHY, WITH CYTOPLASMIC INCLUSIONS I
BR3'.!N PIGMENT IN KUPFFER CELLS.
CHRONIC;RATS;KD;ORAL;LIVER;HYPERTROPHY;LIVER
DISEASES
CHaOSIC',RATS;ID;ORAL;HEMIC AMD LYMPHATIC
SYSTEIISIKUPFFEH CELLS;PICMENTATICH;CELLULAH
INCLUSIONS
IARC MONOGRAPHS Via 68 /IK RABBITS/ SKIN
APPLICATION...PRODUCED LOSS OF WEIGHT,
KYPERPLASIA t HYPERKE3ATOSI5 OF EPIDERMAL t
FOLLICULAR EPITHELIUM; CENTRILOBULA.7
DSGENESATIKU CEHTRILCSULAH UVER-CELL
ATRCPHY, FOCAL NZCS05I5 t CYTOPLASKIC HYALINc
DEGENERATION; HYDROPIC DEGENERATION OF
CONVOLUTED TU3ULES t TUOULAR DILATATION UITH
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ANIMAL/NON-HUMAN TOX EX

ANIMAL TOXICITY KEYWORDS

ANIMAL/NON-HUMAN TOX EX

ANIMAL TOXICITY KEYWORDS

ANIMAL/NON-HUMAN TOX EX

ANIMAL TOXICITY KEYWORDS

ANIHAL/NON-HUMAN TOX EX

CAST FORMATION...
KD;RA3SITS;i!0;PERCUTANEOJ5;KD; EMACIATION
K3;rA33I7S;N3;PERCUTANEOUSJSKINJKERATOOIS
KYrEP.PLASIA;SKIN DISEASES
NO ;RASD ITS-.NO ; PERCUTANEOUS; LIVER;LIVER
DISEASES;ATROPHY;UECROSIS
KO ;RAS3ITSa-'C ;FERCUTAN;OUS;KIDNEY;KIDNEY
7LGULA3 NECROSIS. ACUTEJKIDHEY DISEASES
DILATATION, PATHOLCSIC;HECR03IS
IARC KGS3SRAPHS V18 63 /IN RAB3ITS/ SKIN
APPLICATION...PRODUCED...ATROPHY OF THYMUS,
LVnPKOPEMIA * ELEVATED EXCRETION OF FECAL
COFROP03PHYRIN £ PPOTOPOSPHYRIN.
K3 JRABBITS;HD;PERCUTANEOUS;HEMIC AND
LYI1FHATIC SYSTEMS-.TKYKUS 6LAND; LYHPHOPENIA
LYMPHATIC DISEASES
HO;RA53ITS;WiPERCUTANEOUS;METABOLISM AND
HUTRITIOM;FORPHYRINS
IARC MOI.'CGRAniS V18 71 KALE AND FEMALE
SKERMA:<I PATS WERE FED ON A DIET
co:JTAinii-;G...5oo ns AROCLOR 1Z60/KG...OF DIET
FOR 67 0? 186 DAYS PPI07 TO MATING, REDUCED
LITTER SIZE I DECREASED SURVIVAL Cr OFFSPRING
t.'ERE 05SERVED.
CHRONIC;RATS;SHERMAN;ORAL;PREGNANCY;LITTER
SIZE;DEATH;A»IIHAL, NEKSCRN
IARC MONOGRAPHS VI0 74 PCS ADMIN HAS BEEN
FOUND TO RESULT III INCREASED SYNTHESIS,
HEPATIC CONTENT t EXCRETIK^ OF PORFHYRINS IN
RATS, C'JAILS A CHICKENS; t THIS HAS BEEN
ASSOCIATED I.'ITH AN II.TR IS LIVER
MITCCHONORIAL GAMMA-ANINOLEVULIMIC ACID
SYNTKETASE. /PCS/
I:O:RATS;ND;»O;METABOLISH AND NUTRITION
P3RPHYRIKS;E11ZY«E IKDL'CTiaN;AMIKOLEVULI!<IC
ACID SYHTHETASE
ND;C-JAIL;KS);NO;METAEOLISM AND NUTRITION
rCRPHYRIUS;EI.'ZYME IICDUCTION-.AMINOLEVULINIC
ACID SYNTHETASE
I.T);CHIC:CENS;rB;N3;METABOLISM AND NUTRITION
PORPHYRIMS;ENZYME IN3UCTION;AMINOLEVUUUIC
ACID SYKTHETA3E
IASC MOSOSRAPHS V18 7« /PCB/ EXPOSURE OF
RATS. RA3BITS, MCNT.EYS. CHICKS ( RAII30M
TROUT...RESULTED IN IlttR ACTIVITY OF HEPATIC
MICROS3ttAL niXED-FUNCTICN OXIDAScS t SOT1E
OTHER ENZYMES, IUCL ANILINE HtOrTOXYLASc. 0- t
N-OCKETHYLASES, ESTERASE, ARYL HYDROCARBON
HVOSOXYLASE, NADPH, CY7CCHROME C REDUCTASE,

l\
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ANIMAL TOXICITY KEYWORDS

ANIMAL/NON-HUMAN TOX EX

ANIMAL TOXICITY KEYWORDS

P-NITROFHEHOL GLUCUSONYL TRAHSFE3ASE... /PCB/
ND;RATs;i:3;n);METABCLiSM AND HUTSITION-.EMZYHE
INDUCTION;NADH OEHYORCGENASE;ESTEPASES
AUILIUE HYDrOXYLASE'.OXICCREDUCTAScS-.ARYL
HYDROCARBON HYDROXYLASES;MICnOSCKES, LIVER
MIXED FUNCTION OXIDASES
HD;RABBITS;UD;ND;METAEOLISM AND K-UTRITICH
EHZYMS IhTDUCTIOMJNADH OEHYDSCGENiSE ;ESTESASES
ANILINE HYD^OXYLASE;OXIDCSED'JCTASES;ARYL
HYCnOCAR3CN HrorOXYLASESJdlXED FUiJCTION
OXIDASES'.MICEOSOMESi LIVER
ra;KC:>.-KEYG;ra;ND;METABOLISM AND N-UTRITION
EHZYME INDUCTION5KADH OEHYDROGEHASE-.ESTERASES
ANILIKE HYDROXYLASES:OXIDOREDUCTA5ES;ARYL
HYOnOCARBOtl HYDROXYLASES;niXEO FUNCTION
OXIDAS:S;MICROSOMES, LIVER
ND;CHICI'EUS;KO;KO;HETABOLISM AMD NUTRITION
tNZYME INDUCTIONIHADH DCHYOROGENA5E;ANILINE
HYOROXYLASE;OXIDO?ED'JCTA3E3;/^YL HTCROCAKDON
HYDSOXYLASE3;MICROSOIIES. LIVER;MIXED FUNCTION
OXIDASES
NO;TROUT;NOura;METABOLISH AND NUTRITION
EHZYflE INOUCTION-.NADH DcHYOROGENASE;ESTERASES
KICROSOMES, LIVER;MIXED FUNCTION OXIDASES
ANILIKE HYDnOXYLASE;OXIDOREDUCTASES;ARYL
HYDROCARBON HYDROXYLASES

IARC MONOGRAPHS V18 74 EXPOSURE OF RATS,
RABBITSi MCNKEYS. CHICKS AMD RAIN50M TROUT TO
PC3S RESULTED IK INCREASED ACTIVITY
OF.. .U3IDINE DIPHOSPHOGLUCUnONOSYLTRAIISFERASE
t IIITRCPEDUCTASEi OR A SIGNIFICANT IKCR IN
THE LEVEL OF CYTOOiROtJE P-<t50. /PCB/
KD;RATS;tO;ND;ttETASOLISM AMD NUTaiTION;ENZYME
i;nucTios;CYTOCHRor£ P-^SOJUDP
GUCUSOKOSYLTRANSFERASE
ND;RA3BITS;NDaiD;METADOLI5M AND NUTRITION
ENZYME INDUCTICN-.CYTCCHROME P-450JUOP
GLUCUROXOSYLTRANSFE9ASE
KO;«OKKEYS;NO;KD;METAEOLISM AND NUTPITION
ENZYME IKDUCTI01i;CYTOCII!?OME P-450JUOP
GLUCUSONOSYLTRANSFERASE
ND;CHICKE;<S;HO;ND;METADOLISM AND K-UTRITION
ENZYME imUCTIOir.CYTOCItROME P-450;U3P
GLUCUPON'OSYLTRAtiSFERASE
KD;TKCUT-,NO;NC;HCTABOLI:M AND J-VTRITION
ENZYKE WO)UCTICN;CYTOCHROME P-A50;UD?
GLUCUaOTOSYLTRANSFERASE
HAYES. TOX OF PESTICIDES 1975 <»?8 EGGSHELL
THINNIN3, LOSS CF REPRODUCTIVE ABILITY, OH
BOTH HAVE BEEN ATTRIBUTED...TO fCBS. /PCB/
fa;lJDit,T3;ND;UR03Ct41TAL SYSTEM'.EGGS
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ANIMAL TOXICITY KEYWORDS

ANIMAL/NON-KUMAN TOX EX

ANIMAL TOXICITY KEYWORDS

ANIMAL/NON-HUMAN TOX EX

ANIMAL TOXICITY KEYWORDS

ANI;1AL/NOH-HUMAM TOX EX

ANIMAL TOXICITY KEYWORDS

ANIMAL/NON-HUMAN TOX EX

REPRODUCTION
N3;N3;ND;MD;HD;EGG SHELL
PRC RO KirGROL'GH ET AL, J NATL CANCER INST,
VOL 55 (6), 1975. 104 FEMALE RATS U'EHE FED
100 PPM ARCCLC3 1160 FOR APPPOX 21 HO. ALL
HERE KILLED UMEN 23 MO OLD. 26 OF 134 EXPTL
RATS S 1 OF 173 COrtTPOLS iUO HEPATCCELLULA3
CARCIKONAS. NOME OF THE CONTROLS CUT 146 OF
164 EXPTL RATS HAD NEOPL/.5TIC KOD'JLES IN
THEIR LIVEPS.
CHRCNIC; P ATS; M):OSAL;LIVER;LIVER NEOPLASMS
HEPATCMAiCARCIMOGENESIS

PRC JA GOLDSTEIN ET AL, CHEM-BIOL INTERACT,
VOL 17 (1). 1977. ISCMERICALLY PURE PCBS WCRE
TESTED AS IKOUCES3 OF HEPATIC
ORUG-KET/.BOLIZIH3 ENZYMES IN THE RAT. THE
CHLORINATED BIFHENYL ISCNERS CAN BE
CATEGORIZED INTO 2 DISTINCT GROUPS OF
INDUCERS OF CYTOCHROMES P-450 UtULE
COMMERCIAL PCB MIXT HAVE CHARACTERISTICS OF
BOTH.
NO;RATS;ND;no;METABOLISM t NUTRITION;ENZYME
INDUCTION 5 CYTOCHROMES; CYTOCHROMc P-450

P3C GELLERT, RJ t C MILSON. ENVIRON RES, VOL
18 (2), 1979. AROCLOR 1260 NAS FED TO FEMALE
RATS DURING FREGNAKCY TO STUDY REPRODUCTIVE
FUNCTION IN THE MALE « FEMALE OFFSPRING.
REPRODUCTIVE FUNCTION IN MALE t FEMALE
OFFSPRING MAS NOT ALTERED.
CHRCNIC;RATS;HO i ORAL iPREGNANCY i TERATOSENESIS
HO EFFECT

PRC DEFOE DL ET AL, J FISH RES BOARD CAN, 35
(7), 197S. THE 30 DAY ACUTE LIFE CYCLE OF
NEWLY HATCHED FATHEAD KINKOM LARVAE (LESS
THAN 8 KR OLD) LC50 WAS 3.3 ML'G/L FOR A30CLOR
126C. REPRODUCTION IN MHCK3US OCCURRED d
CONCH AS HIGH AS 3 MUG/L WHICH SIGNIFICANTLY
AFFrCTED LARVAL SL-PVIVAL.
CH^ONIC;FISHES;NO;KD;ND;LET>:AL DOSE so;DEATH
MORTALITY

PRC STOTT, WT t RO SIKHKUBE3, TROUT HEPATIC
POSTMITCCHONDRIAL EIJZYME ACTIVATION OF
AFLATOXIN Bl IN A MUTAGEN ASSAY SYSTEM t THE
IfSHIBITCRY EFFECT OF PCDS. BULL ENVIRON
CCMTAM TOXICOL, VOL 19 (1), 1978.
FRETTEATMENT OF FISH i:iTH APOCL03 1260 DECR
MUTAGEN ASSAY RESPOJ13E TO AFLATOXIN Bl IN
SALMONELLA TYPHII1USIUJ1.



09005405 PAGE 10
TOB

ANIMAL TOXICITY KEYWORDS tJS-.irJOUT-.KTKND-.METABOLISM AND NUTRITION
EUZYKES'.UITOCHONDRIA, LIVER

HUMAN TOXICITY EXCERPT

HUMAN TOXICITY KEYWORDS

HUMAN TOXICITY EXCERPT

HUMAN TOXICITY KEYWORDS

INTERACTION EXCERPT

INTERACTANTS CAS HOS

INTERACTION EXCERPT

INTERACTANTS CAS HOS

LA3 METHODS EXCESPT

I/.RC MONOGRAPHS V18 70 /RESPONSES TO PCES/:
ACNE; KYPEPPISIIENTATICN OF SKIN; HYPERACTIVE
MZIEOMIAN CLAUDS; CONJUNCTIVITIS; EDEJU OF
EYELIDS; SUBCUTANEOUS EDEMA; KERATIN CYSTS IN
HAIR FOLLICLES; KYPERPLASIA OF HAIR FOLLICLE
EPITHELILTV, HEPATIC HYPERTROPHY; DECR CUKSER
OF CED ELOCD CILLS; DECS HEKOCL03IM; SERUn
KYPE3LIPIDEMIA; L^CCOCYTOSIS. /PCS/
Ma ; NO ; NO ; KD ; tso ; sic IN ; ACNE ; P IGMENT ATION
DISEASES
ro ;M) -.13 ;n> ;ND ; EYE -.tiEiBoniAN SLAKOS
CONJUNCTIVITIS ; E Y E LID D ISEASES ! EDEMA
i:D;i3;io;Ko;ND; LIVER HYPERTROPHY ; LIVES
DISEASES
ND;ND;KO;HD;ND;HEMIC AND LYMPHATIC SYSTEMS
ANEMIA ; LEU!<CCYTOSIS ;HEKC3L03INS
KO;ND;t.'0;ND;HO;METAc,OLISM AND NUTRITION
HYPEHL:PEMIA

DRINKING UATER t HEALTH 1977 757 PCBS
ARE LIVER TOXINS 1 CAUSE CH LOR ACHE I POSSIBLY
PERIPHERAL NEUROPATHY IN MAN. /PCS/
js'o-.ND-.Ko-.Noaa; LIVER; LIVER DISEASES
KO ; IB ; ND ; ND ; NO ; SKIN ; ACNE
MD;ND;KID;NO;».'O;HERVOUS SYSTEM; PERIPHERAL
HERVE DISEASES
GOSSELIN. CTCP *TH ED 11-116 THE TOXICITY OF
PCD IS POTENTIATED BY CARBON TcTRACKLOSIOE.
/PCB/
ND;POLYCHLOROBIP>:ENYL COMPOUNDS
NO; CARBON TETRACHLORIDE
P3C MJ rtURPHY ET AL, TOXICOL APPL PHARMACOL,
':8 (1 PART 1), 1779. ASOCLCS 1260 INDUCTION
OF CYTCCK70ME P-̂ 50 PRODUCED DEATH IN 11/13
RATS FOLLOWING IP ADJIIN OF FLUROXENE (2.5
G/KG BODY WEIGHT). FLUROXENE POTENTIATED
DESTRUCTION OF CYTOCHHttSE P-<«50 IN VIVO ft
THIS DESTRUCTION MAS ENHANCED 3Y A30CLC3

011096825;AROCL03 1260
KO-.FLUROXEUE

AOAC. 10TH ED 1965 AND FOLLOUIN3 ED 12/518
£9.001-29.018. DETERMINATION OF
KOLYCHLCRINATED BIPHEMYLS IN POULTRY FAT,
FISH, DAIRY PRODUCTS, ?A?ER t PAPERDOARD
INCLUDING PRCCEDURES FOR EXTRACTICM, CLEAN-UP
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LAB METHODS KEYWORDS

LA3 METHODS EXCERPT

LAB METHODS KEYWORDS

USIUG FLORISIL CH30MATOGPAFHY I ANALYSIS BY
GAS CHROKATOG3APHY WITH ELECTRON CAPTU3E
DETECTION. /PCB/
GENERAL SAMPLE iCHROfUTOGRAPHY, GAS

5WSHINE. METCOD ANALV TOX 1975 311
POLYCHL03IHATED B1FUCNYLS CAM BE EXTRACTED
FSCM A BIOLOSICAL SF=C1MEM WITH I'ETHYLEKE '
CHLORIDE. AFTER A CLEAN-UP PPCCEDURc, THE PCB
CAM Be ANALYZED BY ELECTEON-CAPTURE GAS
CKPCMATOSRAFHY. /PCB/
NO; CHROtlATOGaAPHY, GAS

« » » * E N D O F O F F L I N E P t > I H T « « « * «
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SECONDARY SOURCE ID
CAS TYPE 1 NAME
CAS REGISTRY NUMBER
CLASSIFICATION CODE
CLASSIFICATION CODE
CLASSIFICATION CODE
TOXICOLOGY/CANCER REVIEW

TOXICOUC3Y/CANCER REVIEW

NIOSH CRITERIA DOCUMENT
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SYNONYMS
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CHEMICAL DEFINITION
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TOXDATA KEYWORDS

TOXIC DATA SOURCE
TOXDATA KEYWORDS

TOXIC DATA SOURCE
TOXDATA KEYWORDS

TOXIC DATA SOURCE

TOXDATA KEYWORDS

TOXIC DATA SOURCE

NIOSH/TQ1362000
POLYCHLORINATEO BIPHENYL (AROCLOR 1260)
11096-62-5
TUMORIGEN
MUTAGEN
TERATOGEN
CARCINOGENIC DETERMINATION:HUMAN SUSPECTED
IARC** IARC Monographs on the Evaluation of
Carcinogenic Risk of Chemicals to Man.
18,43,78
TOXICOLOGY REVIEW EVHPAZ Environmental Health
Perspectives, DHEH Publication No.
1.105.72//ARVPAX Annual Review of
Pharmacology. 14,139,74//STEVA8 Science of
the Total Environment. 2(4),305,74//BISNAS
BioScicnce. 20,958,70
CRIT DOC. OCCUPATIONAL EXPOSURE TO
POLYCHLORINATED BIPHENYLS recm std-air:TKA
1.0 ug/m3 NTIS«» National Technical
Information Service.
AROCHLOR 1260
AROCLOR 1260
CLOPHEN A60
CHLORODIPHENYL (60X CD
PHENOCLOR DP6
Composed of 12X PENTA-, 38X HEXA-, 41X
HEPTA-, 6% OCTA- and IX NONACHLOROBIPHENYLS
FCTXAV Food t Cosmetics Toxicology. 12,63,74
8201

APTOD9 Abstracts of Papers. Society of
Toxicology. Annual ttaetings. 19,A16,80
MUTATION;CYTOGENETICS;RAT;RODENTS;ORAL;1080
mg/kg/26W-C

FCTXAV Food t Cosmetics Toxicology. 12,63,74
CRAL;RAT;RODENTS;TDLo;l675 mg/kg (MGNJJTOXIC
EFFECTS;REPRODUCTIVE;NEW30RN EFFECTS

ENVRAL Environmental Research. 6,176,73
ORAL;KOUSE;RODENTS;TDLo;74 mgAg (62D
pre/1-100 pregMTOXIC EFFECTSJREPROOUCTIVE
MATERNAL;FERTILITY
ENPBBC Environmental Physiology and
Biochemistry. 5,54,75
SU3CUTANEOUS;MOUSE;RODENTS;TDLo: 143 mgAq
(210 postMTOXIC EFFECTS;REPRODUCTIVE;NEU30RN
EFFECTS

JNCIAM Journal of the National Cancer
Institute. 55,1453,75
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TOXDATA KEYWORDS ORAL:RAT;RODENTS;TDLo;43flO mg/kg/83H-C ;TOXIC
EFFECTS CARCINOGENIC

TOXIC DATA SOURCE FCTXAV Food t Cosmetics Toxicology. 12,63.74
TOXDATA KEYWORDS ORAURAT;ROOENTS;LD50;1315 mg/kg

TOXIC DATA SOURCE ARVPAX Annual Review of Pharmacology.
14,139,74

TOXDATA KEYWORDS SKIN;RABBIT;RCDENTS;LDLoJSOOO mg/kgJTOXIC
EFFECTS;
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NIOSH/TQ1356000
POLYCHLOSINATED BIPHENYL (AROCLOR 1242)
53469-21-9
TUKOSIGEN
TERATOGEN
CARCINOGENIC DETERMINATION:HUMAN SUSPECTED
IARC** IARC Monographs on th« Evaluation of
Carcinocenlc Risk of Chemicals to Man.
13,43,76
TLV-THA 1 mg/m3; STEL 2 mg/n>3 (skin) DTLVS»
"Documentation of Threshold Limit Values for
Substances in Workroom Air," Cincinnati »
Ohio. American Conference of Governmental
Industrial Hvgienists, 1971 4,88,80
TOXICOLOGY REVIEW EVHPAZ Environmental Health
Perspectives, OHEW Publication No.
1,105,T2//ARVPAX Annual Revicu of
Pharmacology. 14.139.74//RREVAH Residue
Reviews. 44.1.73//STEVA8 Science of the Total
Environment. 2(4),305,74/YBISNAS BioScience.
20,958.70
OSHA STANDARO-air:TWA 1 mg/m3 (skin) (SCP-I)
FEREAC Federal Register. 39,23540,74
CRIT DOC. OCCUPATIONAL EXPOSURE TO
POLYCHLORINATED BIPHENYLS recm std-air:TWA
1.0 ug/m3 NTIS»« National Technical
Information Service.
"NIOSH MANUAL OF ANALYTICAL METHODS" VOL 4
S120«
NIMAM»
AROCHLOR 1242
AROCLCR 1242
CHL03IERTE BIPHENYLE, CHLORGEHALT 42X (German)
CHLCRODIPHENYL (42X CD
CLORODIFENILI. CLORO 42X (Italian)
OIFHENYLE CHLORE, 42X DE CHLORE (French)
GECHLOREERDEDIFENYL (Dutch)
8201

AECTCV Archives of Environmental
Contamination and Toxicology. 3,479,75/76
ORAL;RATiRODENTS;TDLoi945 mg/kg (36W pre)
TOXIC EFFECTS;REPRODUCTIVE;MATERNAL;ENDOCRINE
SYSTEM
OSAL;RAT;RODENTS;TDLo;1690 mg/kg (36U pre I
TOXIC EFFECTS;REPRODUCTIVE;FERTILITY
fiSCYAB "Chemistry of Industrial Toxicology."
H.B. Elkins. 2nd Ed., Neu York, J. Wtley,
1959 2.153.59
INHALATION;HUMAN;HUMANS;TCLO;IO mg/m3 ;TOXIC
EFFECTS;IRRITANT
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TOXIC DATA SOURCE TXAPA9 Toxicoloay and Applied Pharmacology.
24,434,73

TOXDATA KEYWORDS ORAURAT;RODENTS;l.D50;4Z50 mg/Kg

TOXIC DATA SOURCE PHRPA6 Public Health Reports. 59,1085,44
TOXDATA KEYWORDS SUBCUTANEOUS;GUINEAPIG;ROOENTS;LDLOJ345 mg/Kg
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SECONDARY SOURCE ID
CAS TYPE 1 NAME
CAS REGISTRY NUMBER
CLASSIFICAT^4 CODE
CLASSIFICATION CODE
TOXICOLOGY/CANCER REVIEW

TOXICOLOGY/CANCER REVIEVI

NIOSH CRITERIA DOCUMENT

SYNONYMS
SYNONYMS
ENTRY MONTH

TOXIC DATA SOURCE

TOXDATA KEYWORDS

TOXIC DATA SOURCE
TOXDATA KEYWORDS

TOXIC DATA SOURCE

TOXDATA KEYWORDS

NICSH/TQ1358000
POLYCIILORINATED BIPHENYL (AROCLOR 1246 >
12672-29-6
TUMORIGEN
TERATOGEN
CARCINOGENIC DETERMINATION:HUMAN SUSPECTED
IARC»* IARC Monographs on th« Evaluation of
Carcinogenic Risk of Chemicals to Man.
18,43,73
TOXICOLOGY REVIEW ARVPAX Annual Review of
Pharmacology. 14.139.74//STEVA8 Sei«nc« of
the Total Environment. 2(41,305.74
CRIT DOC. OCCUPATIONAL EXPOSURE TO
POLYCHLORINATED BIPHENYLS recn, std-a<r:TWA
1.0 ug/mj NTIS«« National Technical
Information Service.
AROCLOR 1248
CHLO^ODIPHENYL (48/C CD
7911

ARVPAX Annual Review of Pharmacology.
14,139.74
ORALiRAT;RODENTS;L050;ll gm/kg

TXCYAC Toxicoloay. 6.331.76
ORALUK!tlKEY;;TDLo;33 »g/kg/( 1-1660 pregl
TOXIC EFFECTS;TERATOGENIC
ARVPAX Annual Review of Pharmacology.
14,139,74
SKIN;RABBIT;RODENTS;LOLo;1269 rag/kg
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SECONDARY SOURCE ID
CAS TYPE 1 NAME
CAS REGISTRY NUMBER
CLASSIFICATION CODE
CLASSIFICATION CODE
TOXICOLOGY/CANCER REVIEW

TOXICOLOGY/CANCER REVIEW

NIOSH CRITERIA DOCUMENT

SYNONYMS
SYNONYMS
-ENTRY MONTH

TOXIC DATA SOURCE

TOXDATA KEYWORDS

TOXIC DATA SOURCE

TOXDATA KEYWORDS

TOXIC DATA SOURCE

TOXDATA KEYWORDS

NIOSH/TQ1358000
POLYCHLOSINATED BIPHENYL (AROCLOR 1248)
12672-29-6
TUMORIGEN
TERATOSEN
CARCINOGENIC DETERMINATION:HUMAN SUSPECTED
IARC** IARC Monographs on The Evaluation of
Carcinogenic RisK of Chemicals to Hen.
18143,78
TOXICOLOGY REVIEW ARVPAX Annual Revfeu of
Pharmacology. 14,139,74//STEVA8 Science of
Th« Total Environment. 2C4),305,74
CRIT DOC. OCCUPATIONAL EXPOSURE TO
POLYCHLOSINATED BIPHENYLS recm $td-air:TWA
1.0 ug/m3 NTIS** National Technical
Information Service.
AROCLOR 1248
CHLOSODIPHENYL <48X CD
8201

FEPRA7 Federation Proceeding*, Federation of
American Societies for Experimental Biology.
34.338,75
OSAL;t10NKEY;;TDLo;455 mg/Kg (26W pre);TOXIC
EFFECTS REPRODUCTIVE FERTILITY

DABBBA Dissertation Abstracts Internetional»
B. The Sciences and Engineering. 40,2061,79
ORAL;RABBIT;ROOENTS;TDLo;l65 mgAg (1-310
preg) i TOXIC EFFECTS REPRODUCTIVE;DEVE LOPMENTAL

ARVPAX Annual Review of Pharmacology.
14,139,74
ORAL;RAT;RODENTS;LDSO;II gm/kg;Toxic EFFECTS
SKIN;RABBIT;RODENTS;LDLo;i269 mg/kg{TOXIC
EFFECTS;
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TOXICOLOGY/CANCER REVIEW

TOXICOLOGY/CANCER REVIEW

NIOSH CRITERIA DOCUMENT

SYNONYMS
SYNONYMS
ENTRY MONTH

TOXIC DATA SOURCE

TOXOATA KEYWORDS

NICSH/TQ1354000
POLYCHLORINATED BIPHENYL (AROCLOR 12321
11141-16-5
TUMOaiGEN
CARCINOGENIC OETERMIHATION:HUMAN SUSPECTED
IARC** IARC Moncgreohs on the Evaluation of
Carcinogenic Risk of Chemicals to Man.
18,43.78
TOXICOLOGY REVIEU ARVPAX Annual Review of
Pharmacology. 14,139,74//STEVA8 Science of
th* Total Environment. 2(4).305,74
CRIT DOC. OCCUPATIONAL EXPOSURE TO
POLYCHLORINATEO BIFHENYLS r«cm std-eir:THA
1.0 ug/m3 NTIS*« National Technical
Inforweticn Service.
AROCLOR 1232
CHL030DIPHENYL (32X CD
7903

ARVPAX Annual Review of Pharmacology.
14,139.74
ORAL;RAT;RODENTS;LD50;4470 mg/Kg
SKIN;RAEBIT;RCDENTS;LDLo;2000 nig/kg
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SECONDARY SOURCE ID
CAS TYPE 1 NAME
CAS REGISTRY NUMBER
CLASSIFICATION COOE
TOXICOLOGY/CANCER REVIEW

TOXICOLOGY/CANCER REVIEW

NIOSH CRITERIA DOCUMENT

SYNONYMS
SYNONYMS

-ENTRY MONTH

TOXIC DATA SOURCE

TOXDATA KEYWORDS

NIOSH/TQ1352000
POLYCHLORINATEO BIFHENYL (AROCLOR 1221)
11104-26-2
TUMORIGEN
CARCINOGENIC DETERMINATIONtHUMAN SUSPECTED
IARC** IARC Manocrephs on the Evaluation of
Carcincaenic Risk of Chemicals to Man.
18,43,73
TOXICOLOGY REVIEW ARVPAX Annual Review of
PKarmccoloqy. 14.139.74//PREVAH Residue
Reviews. 44,1.73//STEVA8 Science of the Total
Environment. 2(4),305.74//BISNAS Bioscience.
20,958,70
CRIT DCC. OCCUPATIONAL EXPOSURE TO
POLYCHLORINATEO BIFHENYLS recm std-air:TUA
1.0 ug/m3 NTIS»* National Technical
Information Service.
AROCHLCR. 1£21
CHLCROOIPHENYL (21X CD
7903

ARVPAX Annual Review of Pharmacology.
14,139,74
ORAL;RAT;RODENTS;L050;3960 mg/kg
SKIN;RABBIT;ROOENTS;LOLo;3169 mg/Kg
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Polychlorinated Biphenyls and Polychlorinated
Oibenzofurans in the Toxic Rice-Bran Oil
that Caused PCB Poisoning in Taichung

P. H. Chen. K. T. Chang, and Y. D. Lu

Department of Biochemistry, National Yang Ming Medical College,
Taipei, Taiwan, R.O.C.

In March 1979, an epidemic of a peculiar skin disease broke out
in Taichung and Changhwa in Central Taiwan. The cause of the disease
was later identified to be the ingestion of rice-bran oil contami-
nated with polychlorinated biphenyls (CHEN et al. 1980). At the end
of 1980, the total number of reported cases was about 2000.

A similar mass outbreak of Yusho (oil disease) occurred in
Western Japan in 1968 (KURATSUNE et al. 1972). In 1969, Japanese
scientists reported that the toxic rice oil which caused Yusho was
contaminated with polychlorinated biphenyls (TSUKAMOTO et al. 1969).
A few years later, the oil was also found to be contaminated with
a smaller quantity of polychlorinated dibenzofurans (NAGAYAMA et al.
1975) and a relatively large amount of polychlorinated quaterphenyls
(MIYATA et al.1978, KAMPS et al. 1978, MASUDA et al. 1979). In this
study, the levels of polychlorinated biphenyls (PCBs) and poly-
chlorinated dibenzofurans (PCDFs) in the toxic rice oils which
caused PCB poisoning in Taichung were determined by ECD-Gas Chroma-
tography and Gas Chromatography/Mass Spectrometry. The presence
of polychlorinated quaterphenyls (PCQs) and polychlorinated ter-
phenyls (PCTs) in the Chinese toxic rice oil has been published
elsewhere (CHEN et al. 1981).

MATERIALS AND METHODS

Toxic rice-bran oil samples were obtained from six different
sources in Taichung. Cne of these samples was collected at the rice
oil retail store by the Food and Drug Bureau of the Republic of
China. The other five samples were obtained from school and factory
cafeterias and the families of the intoxicated patients in Taichung.
The cafeterias and families all bought the toxic rice oils from the
oil retailer mentioned above.

The alkali decomposition method similar to the one used by the
Japanese workers (NAGAYAMA et al. 1976) was employed for the isola-
tion of PCB and PCDF from the rice oil. This method includes the
saponification of the oil with an alkali followed by extraction of
PCB and PCDF with n-hexane. The condensed extract was cleaned up

0007-4861/81/0026-0489 $01.40
© 1981 Springer-Verlag New York Inc.



by silica gel column chromatography using n-hexane as an eluting
solvent. The purified extract was analyzed by ECD-Gas Chromato-
graphy for PCB. The gas chromatograph used was a Shimadzu GC-6AM
equipped with 63"i Electron Capture Detector. The column used
was a 2.5 m x 2.6 ram i.d. glass column packed with S\ SE-30 on
80/100 mesh Chromosorb KAW-DMCS. Quantification of PCB was made
by comparing the respective area of PCB peaks in the sample with
the area of the corresponding peak in the chromatogram of a PCB
standard (Kanechlor-500). The method presented by UGAKA et al.
(1973) was used for the calculation of PCB quantity in each peak
of Kanechlor-500 (KC-500).

The procedure for the separation of PCDF from PCB is as
follows: The condensed eluate from the silica gel column chroma-
tographic clean-up was placed on a column (1.2 x 22 cm) packed
with 12 g of basic alumina. The column was first eluted with
115 ml of n-hexane containing 2% methylene chloride, then with
100 ml of n-hexane containing 251 methylene chloride. PCDF was
expected to be in the eluate containing 100 ml of 2S\ methylene
chloride in n-hexane. The eluate of PCDF fraction was concen-
trated in a Kudema-Danish evaporator to about 5 ml, then was
blown carefully with a very mild stream of nitrogen to below
0.5 mL. The concentrated eluate was analyzed for PCDF with a
computerized GC/MS (HP 5985A) operating in the selected ion
monitoring mode to enhance the instrument's sensitivity. The
column used for GC/MS analysis was a 6 ft x 2 mm i.d. glass
column packed with 34 OV-17 on 100/120 Supelcoport.

RESULTS AND DISCUSSION

Gas chromatograms of a mixture of KC-400 and KC-SOO in a 1 to
1 ratio and PCBs in the contaminated rice-bran oil are shown in
Fig. 1. As shown in this figure, in the portion of the chromato-
gram from peak 9 to peak 25, GC pattern of PCBs in the toxic rice

Fig. 1. Gas chromatograms of PCB.
B: Toxic rice-bran oil.

A: KC-400/KC-500 (1:1),
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n 6 8 10 12 1H 16
T I M E ( M I N )

Fig. 2. Selected ion chronatogram of PCBs in the toxic
rice-bran oil.
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GC/MS analysis showed that the percentage distribution of PCS
components in the toxic rice oil according to numbers of chlorine
atoms is about 471, 301, 161, 61, and 14 for pentachloro-, tetra-
chloro-, hexachloro-, heptachloro-, and trichloro-biphenyls,
respectively. This indicates that the toxic rice oil which caused
PCS poisoning in Taichung contained larger percentages of high
numbers of chlorine atoms than the rice oil which caused Yusho in
Japan, for the Japanese rice oil was known to be contaminated with
KC-400 which contained mainly tetrachlorobiphenyls. Since it is
difficult to excrete PCBs with five or more chlorine atoms from
human body, it is reasonable to expect that PCB components ingested
by the Chinese patients in Taichung will be retained in the body
longer than that of the Japanese Yusho patients.

GC/MS operating in selected ion monitoring (SIM) mode was used
for the identification and quantification of PCDFs in the rice-bran
oil. As shown in Fig. 3, the ions at m/e's 270, 306, 340, and 374,
which are the molecular ions for PCDFs with 3, 4, 5, and 6 chlorine
atoms, respectively, were chosen for monitoring PCDFs. Quantifica-
tion of PCDFs in the rice oil was made by comparing the area of PCDF
peaks in each selected ion tracing for the sample with the area of
the peak(s) in the same selected ion tracing for the PCDF standard.
Fig. 3 and Fig. 4 show the selected ion chromatograms of PCDFs in
the rice oil and PCDFs standard, respectively. The results of
GC/MS analysis showed, as is evident in Fig. 3, that PCDFs in the
toxic rice-bran oil contained mostly 5 and 4 chlorine atoms with
a minor amount of 6 and 3 chlorine atoms.

374

540

306

270

A = 379 ;
6Ci_

374 |6CL_

340

3061 4CL ,'

5Ci_
', A - 1776

4CL

A = 230

4 6- 8 10 12 14 16 18 20
TIME (MIN)

Fig. 3. Selected ion chromatogram of PCDFs in the toxic rice oil.
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Fig. 4. Selected ion chromatogram of PCDFs standard.

The concentrations of PCB and PCDF in the toxic rice-bran oils
which caused PCB poisoning in Taichung are tabulated in TABLE 1.
This table shows that with the exception of sample A which has a
high PCB level of 405 ppm, the other five samples contain PCB in a
range of 53 to 99 ppm. Sample A was given to us by the Food and
Drug Bureau (FDB) of the National Health Administration of the
Republic of China. According to the FDB's report, this sample
contained the highest level of PCB among the thirty-nine samples
collected by them at the rice oil retail store where the intoxicated
patients in Taichung bought the toxic rice oil. The other five oil

TABLE 1. The Concentrations of PCB and PCDF in the Toxic Rice-
Bran Oils Which Caused PCB Poisoning in Taichung

Sample

A
B
C
D
E
F

PCB, ppm

405
53
99
78
77
65

PCDF, ppm

1.68
0.180
0.399
0.250
0.209
0.297

PCB/PCDF

241
294
248
312
368
219
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samples obtained from factory and school cafeterias and the families
of PC3-intoxicated patients in Taichung contained much lower levels
of PCB than sample A. If PCS levels of these five samples are
representative of the toxic rice oils ingested by the patients in
Taichung, then PCB levels in the toxic rice oils consumed by the
patients in Taichung ought to be much lower than that of the Japanese
toxic rice oil which in general contained about 830-1030 ppm of PCB
(NAGAYAMA et al. 1975). This does not necessarily mean that the
Chinese patients in Taichung ingested less PCB than the Japanese
Yusho patients because the Chinese patients consumed much more toxic
rice oil than the Japanese patients. The estimated amount of PCB
ingested by the Chinese patients in Taichung is published in a
Special Issue of PCB Poisoning in Taiwan (LAN et al. 1981). The
level of PCB in the toxic oil consumed by the patients in Changhwa
is not known because no toxic oil sample has ever been available
for analysis. However, based on the severity of clinical symtoms
for the patients in Changhwa and the blood PCB analysis which showed
that the patients in Changhwa had in general higher PCB levels than
those in Taichung, one can presume that the toxic oil ingested by
the patients in Changhwa contained higher levels of PCB than that
consumed by the patients in Taichung. Fortunately, the number of
patients in Changhwa is about one half of that in Taichung.

The levels of PCDF in the toxic rice-bran oils determined with
GC/NB are mostly below 0.5 ppm with an exception of sample A which
is 1.7 ppm (see TABLE 1). These PCDF levels are also lower than
that of the Japanese toxic rice oil which is about 5 ppm (NAGAYAMA
et al. 197S).
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significant immediate improvement. These
findings are at odds with those that implic-
itly underlie EPA's use of the Subpart B
criteria to presume significant adverse ef-
fects. Although the Agency might be
able—in the face of contrary evidence—to
justify treating the results of its presump-
tions as conclusive, it has offered no such
justification. Second, despite the availabili-
ty of an alternative - site well-suited for
dumping, EPA decided to allow dumping to
continue at the same site in the Bight,
"until sludge dumping could be replaced by
environmentally, technically, and economi-
cally viable land-based disposal methods."
43 Fed.Reg. 56,061 (1978). If EPA were
properly to conclude that the City's dump-
ing in the Bight caused unreasonable degra-
dation, the Agency would need to explain
why the alternative site could not safely be
used. Yet the Agency has not suggested
why dumping of the alternative site would
result in . unreasonable degradation. In-
stead, EPA has chosen, to evaluate the
21. With respect -to the adverse effects of sew-

age sludge on the Bight, EPA has submitted the
assessment of Dr. R. Lawrence Swanson, Di-
rector of NOAA's Office of Marine Pollution
Assessment. See Declaration of Peter W. An-
derson (Chief, Marine and Wetlands Protection
Branch, EPA Region II). App. Swanson
presented his views at an October 1979 EPA
hearing on the Qty's application for permit
renewal. He noted that the sludge contains
several types of potentially harmful material,
including organic matter, petroleum hydrocar-
bons, halogenated hydrocarbons (particularly
PCB's), toxic metals, and pathogens. Swanson
described the effects' of those substances as
Including the following: alteration of benthic

• habitats; possible reduction of fish stocks; re-
duced dissolved-oxygen values; development
in benthic bacteria of resistance to heavy met-
als and antibiotics; bacterial contamination, re-
sulting In a ban on shellfishing within the area
and the isolation of one particularly dangerous
amoeba; increased incidence of fish and shell-
fish diseases; and sublethal effects on organ-
Isms.
Swanson's catalogue is disturbing. One in-
stinctively recoils from the mention of "fecal
coliform," "pathogens," "viral particles.** "fun-
gi,*' "fin rot," "shell disease." and "bioaccumu-
lation" of toxic substances. The City's sludge
no doubt contains unpleasant and dangerous
substances. Nevertheless. EPA must not be
permitted to distort Swanson's careful state-
ments. First, Swanson's catalogue includes
many potential—not actual—dangers, some of
which are not definitely linked to municipal

sludge's environmental impact in a manner
that makes largely irrelevant the character-
istics of the proposed disposal site.

EPA contests many of the City's asser-
tions as to the actual effects of sludge
dumping on the New York Bight; for ex-
ample, the Agency insists that continued
dumping is causing further deterioration,,
while other sources of pollution in the area
are diminishing." The validity of the City's
claims as to the dumping's actual effects on
the Bight is for EPA to consider in the first
instance, and this opinion does not endeavor
to resolve those factual disputes. But it is
precisely EPA's avowed refusal to consider
these claims that renders its treatment of
the City's permit application arbitrary and
capricious. Even if EPA's interpretation of
the Act as allowing environmental effects
to be dispositive were correct, the Agency
would still be required to consider actual
and likely dumpsite characteristics in gaug-
ing those environmental effects. Accord-

sludge. Furthermore, the effects that Swanson
discussed are caused by particular substances
found in sludge; those substances are aJso
found in other materials dumped or drained
into the Bight. Swanson appeared to accept a
recent estimate "that sewage sludge dumping
presently accounts for 5 to 15 percent of the
total pollution load in the Bight. . . ." Swan-
son stated that continued dumping of sludge
will contribute additional pollutants and there-
by "almost certainly retard any future recov-
ery." but he recognized that, without signifi-
cant reduction in the disposal of other waste
and dredged materials, -"any recovery will al-
most certainly be masked by the effects of
those other discharges." Even if significant
reductions were made in major contaminant
inputs, no rapid recovery of the Bight Apex
would occur, /d. at 4, 17. *
Although Swanson recommended "that the
1981 deadline be adhered to,'* he based that
conclusion upon the desirability—not on any
imminent necessity—of an end to dumping.
His only definitive conclusion was that "the
ocean dumping of municipal sewage sludge is
not viewed as an environmentally viable dis-

- posal alternative over the long run, meaning
over twenty, thirty, or fifty years." Id. at 22.
Swanson anticipated that some municipalities
might fail to adopt land-based alternatives by
1981; in that event, he recommended that "the
sewage sludge dumping activity should be
moved to Deepwater Dumpsite 106 as an inter-
im measure."
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ingly, Subpart B's conclusive presumption
of unreasonable degradation is arbitrary
and capricious, and it may not lawfully
form the basis for an order that the City
terminate its sludge dumping at the end of
1981.

2. Eva/uat/on of the Need to Dump
Sludge

The 1972 Act lists "need for the proposed
dumping" as the very first factor upon
which EPA's criteria must be based 33

S.C. § 1412{aXA). In addition, in formu-
-.ating its criteria, EPA must consider
"[appropriate locations and methods of dis-
posal or recycling, including land-based al-
ternatives. ..." Id. § 1412<aXG).

EPA's interpretation of the Act, prior to
1977, emphasized the Agency's obligation to
consider all the statutory factors in evaluat-
ing permit applications. In explaining its
proposed regulations in 1976, EPA stated:

Subpart A of the revised criteria states
the terms of reference which the Region-
al Administrator or Administrator will
use for making a final determination on a
permit application. Each of the Subparts
B, C, D, and E [of Part 227] addresses a
separate consideration which is required
by the statute in section 102. No subpart _
.n and of itself is dispositive of the issue, '
which the Agency believes is consistent
with the broad balancing required by the
statute.

41 Fed.Reg. 26,645 (1976). In particular,
the Agency promised to consider precisely
the type of evidence that the City seeks to
present:

One of the major criticisms of the exist-
ing regulations has been the alleged inad-
equate attention to the demonstration of
the need for dumping.... The Agency
anticipates that the Regional Administra-
tors will place greater reliance on demon-
strati[on] by the applicant'that alterna-
tives to ocean disposal are in/easible or
are less environmentally acceptable.

Id. at 26.646.
EPA offered similar assurances in issuing

its final regulations. In contrast to its cur-
rent position—that it must consider the

need for dumping only in promulgating the
regulations, not in evaluating applications—
EPA then acknowledged: "The Act lists
need for ocean dumping as one factor to be
considered in issuing permits." 42 Fed.Reg.
2462 (1977). The statement concerning
available alternatives reflected a degree of
reasonableness now entirely absent from
the Agency's position:

The Agency also must consider its credi-
bility as the regulating agency. If it
demands that a small community or an*
industry cease dumping within a period
of time, it should be confident that there
are feasible alternatives which may be
implemented within the time period. In-
creasingly, this is true; and thi« is the
reason all interim permit holders have
been given firm phase-out dates. It
would be improper to adopt a cessation-
date .which has little factual foundation.
Increasingly, EPA has become aware that
the alternatives to ocean dumping require
careful evaluation; they may not always
be better.

Id. at 2464.
Similarly, EPA recognized that one of the

components of the need factor was the cost
of replacing ocean disposal. In response to
public comment on the 1976 regulations, the
Agency stated: . •'

(TJhe regulation requires the balancing of
the impacts of all forms of alternatives

' available, including the economic impact
The purpose of this is to make sure that
the most cost-effective alternative is used
whether it is ocean disposal or another
form of disposal, thus, acquiring the high-
est degree of environmental protection
consistent with reasonable economic
cost.... The intent of the Ocean Dump-
ing Act is to, maintain a balanced consid-
eration of the environmental impact and
the relative costs of all alternatives, in-
cluding ocean dumping. It is not envi-
ronmentally responsible to single out or
emphasize only one factor as a basis for
determination. "

Final Environmental Impact Statement:
Proposed Revisions to Ocean Dumping Cri-
teria, at H-399—MX) (1977) [hereinafter cit-
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The CITY OF NEW YORK, Plaintiff,
v.

UNITED STATES ENVIRONMENTAL
PROTECTION AGENCY, Douglas M.

. Costle aa Administrator, United States
Environmental Protection Agency, and
Charles Warren as Regional Administra-
tor, United States Environmental Pro-
tection Agency, Region IL Defendants.

No. 80 Civ. 1677 (ADS).
United States District Court,

S. D. New York.
Aug. 26, 1981.

The city of New York brought action to
compel the Environmental Protection Agen-
cy to consider its evidence in support of its
application for renewal of interim permit
authorizing it to dump sewage sludge into
the ocean. The District Court, Sofaer, J.,
held that, under the Act, and its 1977
amendment, the EPA was required to con-
sider, in connection with each application
for dumping, whether that particular
dumping would unreasonably degrade ma-
rine environment in light of factors listed
under the Act, and the EPA could not law-
fully adopt a policy of denying all permits
without such an examination.

So ordered.

1. Health and Environment *=25.7(13)
Under Ihe Marine Protection, Research

and Sanctuaries Act of 1972, the Environ-
mental Protection Agency is required to
consider, in connection with each applica-
tion for ocean dumping of sewage sludge,
whether that particular dumping would
necessarily degrade the marine environ-
ment in light of factors listed in the Act;
the EPA could not unlawfully adopt a poli-
cy of denying all permits without exam-
ining and weighing an applicant's evidence
that ocean dumping is the most reasonable
alternative. Marine Protection, Research
and Sanctuaries Act of 1972, §§ 2-204,
102(a) as amended 33 U.S.CA. §§ 1401-
1444,1412(a).

2. Health and Environment *=»25.15(1)
Doctrines of primary jurisdiction and

exhaustion of administrative remedies did
not bar New York City's lawsuit arising
from the Environmental Protection Agen-
cy's refusal to consider tity's evidence of-
fered to renew interim ocean-dumping per-
mit where the EPA sought no delay in the
litigation to enable it to~pass upon city's
petition nor sought to defer a judicial ruling
on its interpretation to deny city's applica-
tion.

3. Estoppel «=62.4
No basis existed to estop city from

bringing action against the Environmental
Protection Agency to compel the EPA to
consider city's evidence in support of its
application to renew an interim ocean-

- dumping permit where city had made no
misrepresentations, failed to attack the
EPA's regulations prior to the lawsuit be-
cause the city had annually received interim
permits, and genuinely expected to be able
to develop acceptable alternatives before
1981 dumping deadline, and where the EPA
could not claim to have detrimentally relied
upon city's forbearance from suit.

4. Health and Environment *=»25.7(13)
The Marine Protection, Research and

Sanctuaries Act of 1972 delegated broad
discretion to the Environmental Protection
Agency, and its determinations of policy,
law, and fact are all entitled to deference;
thus, the EPA may lawfully adopt criteria,
instead of relying directly upon factors de-
scribed in the Act, and the criteria may
permit the EPA reasonably to treat some
factors inapplicable in specified situations;
nothing ra the Act requires that the EPA
engage in a comprehensive balancing of
listed factors in deciding every ocean-dump-
ing permit application. Marine Protection,
Research, and Sanctuaries Act of 1972,
§§ 2-204,102(aXG) as amended 33 U.S.C-A.
§§ 1401-1444,1412(aXG).

5. Administrative Law and Procedure
•-763

. Deference accorded an administrative
Agency is not limitless; the agency may not


